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SPECIFICATION 

TITLE: 3-D IMAGE DISPLAY UNIT, 3-D IMAGE RECORDING DEVICE, AND 3-D 
IMAGE RECORDING METHOD 

TECHNICAL FIELD 

The present invention relates to a 3-D image display unit for observing electronic 
images as 3-D images. 

BACKGROUND ART 

Conventionally, each 3-D image display unit, which uses a CRT (Cathode Ray Tube), 
LCD (Liquid Crystal Display), or the like to display 3-D images, has shifted two images in the 
eye-width direction to obtain a parallax between those images, then display those shifted images 
on the screen so as to be recognized by the right and left eyes of the user separately. The user 
thus comes to recognize a 3-D image configured by those two images. 

The patent document 1 (official gazette of Unexamined Published Japanese Patent 
Application No. 16351/1995) discloses a 3-D display game machine that changes over 3-D 
images to ordinary 2-D images forcibly in the case where a preset 3-D view allowable play time 
is reached. The patent document 2 (official gazette of Unexamined Published Japanese Patent 
Application No. 333479/1994) discloses an image display unit that has an internal timer used to 
turn off the unit power forcibly in the case where the first predetermined time is reached after the 
unit is powered. After that, the unit is not powered until the second predetermined time is 
reached. This is to prevent the unit fi-om a long continuous time use. 

DISCLOSURE OF THE INVENTION 

However, the technique disclosed by the patent document 1 continues 3-D display with 
no adjustment of parallax even when the user's parallax sensitivity goes down due to long time 
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observation, thereby he/she gets eyestrain. In other words, the unit cannot cope with carefUUy 
thought-out adjustment, for example, adjustment for easing the user's eye burden by reducing 
the parallax step by step in such a case. On the other hand, the technique disclosed by the patent 
document 2, in the case where the unit power is turned off, cannot turn on the power until a 
predetermined time is reached. For example, in case of a display unit that can display images by 
switching between 2-D display and 3-D display properly, the unit cannot satisfy the user's 
intention for turning off its power only when 3-D images are displayed long time to protect the 
user from eyestrain. And, once the power is turned off forcibly, 2-D display that will require less 
burden on the user's eyes is disabled until a predetermined time is reached. 

Furthermore, in the case where 3-D images are to be broadcast digitally, for example, 
none of the conventional techniques has permitted that a broadcasting station sets a limit time for 
displaying 3-D images continuously according to the intention of a contents creator or contents 
provider. 

The degree of 3-D effect intensity generally differs among 3-D images. This is why it is 
not considered to be proper to apply the same allowable playing time to both high 3-D effect 
intensity images and low 3-D effect intensity images to limit the 3-D view. And, this is because 
the burden on the user's eyes is determined by the degree of such 3-D effect intensity. Each of 
the above conventional techniques has also confronted with a problem that no examination has 
been done for how to limit watching of 3-D images when the user observes those 3-D images 
having different 3-D effect intensity values continuously by changing the channels of the 
receiver. 

In case of the techniques disclosed by the above patent documents 1 and 2, the user's 
device has a timer for measuring an elapsed time of each 3-D image display. And, in the case 
where the measured time reaches a predetermined limit time, the user's device switches 3-D 
images to 2-D images automatically. Consequently, images are switched regardless of the 
intention of the 3-D image data creator, broadcasting station, contents provider, or the like. 

Under such circumstances, it is an object of the present invention to provide a 3-D image 
display unit that can control 3-D images easily and flexibly to protect the user from eyestrain. 
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In order to achieve the above object, according to the first aspect of the present 
invention, the 3-D image display unit displays a 3-D image configured by a plurality of images. 
The display unit includes an input part for inputting control information required to display the 
3-D image. The control information includes information for denoting 3-D effect intensity of the 
3-D image. 

According to the second aspect of the present invention, the 3-D image display unit is 
expanded from that in the first aspect so that the display unit further includes a computing part 
and a display controlling part. The computing part computes accumulative intensity that 
increases together with a time according to the 3-D effect intensity while the display controlling 
part makes a predetermined display operation in the case where the accumulative intensity 
exceeds the first threshold value. 

According to the third aspect of the present invention, the 3-D image display unit is 
expanded from that in the second aspect so that the display unit enables the above-described 
display operation to include display of a warning message. 

According to the fourth aspect of the present invention, the 3-D image display unit is 
expanded from that in the second aspect so that the display unit enables the above-described 
display operation to include an adjustment operation for reducing the parallax of the 3-D image. 

According to the fifth aspect of the present invention, the 3-D image display unit is 
expanded from that in the second aspect so that the display unit enables the above-described 
display operation to include an operation for forming a 2-D image from the 3-D image to display 
the 2-D image instead of the 3-D image. 

According to the sixth aspect of the present invention, the 3-D image display unit of the 
present invention is expanded from that in the fifth aspect so that the display unit enables the 
above-described display operation to include an operation to resume the display of the initial 3-D 
image instead of the 2-D image in a predetermined time. 

According to the seventh aspect of the present invention, the 3-D image display unit is 
expanded from that in the fifth aspect, the display unit enables the computing part to compute 
accumulative intensity that decreases with a display time of the 2-D image and the 
above-described display operation to include an operation to resume the display of the initial 3-D 
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image instead of the 2-D image in the case where the accumulative intensity goes down to the 
second threshold value. 

According to the eighth aspect of the present invention, the 3-D image display unit is 
expanded from that in any of the first to fifth aspects so that the 3-D image display unit further 
includes an input part for inputting an external signal. The external signal includes a request 
signal for switching the display between 3-D image display and 2-D image display and switches 
the display operation between 3-D image display and creating a 2-D image from the 3-D image 
to display the 2-D image instead of the 3-D image. 

According to the ninth aspect of the present invention, the 3-D image display unit is 
expanded from that in any of the sixth and seventh aspects so that the display unit further 
includes an input part for inputting an external signal. The external signal includes a request 
signal for switching the display between 3-D image display and 2-D image display. The request 
signal is invalidated between the 2-D image display performed in the above-described display 
operation and the operation performed to resume the initial 3-D image display. 

According to the tenth aspect of the present invention, the 3-D image display unit is 
expanded from that in any of the first to ninth aspects so that the display unit enables the first 
threshold value to be included in the control information. 

According to the eleventh aspect of the present invention, the 3-D image display unit is 
expanded from that in the sixth aspect so that the display unit enables the predetermined time to 
be included in the control information. 

According to the twelfth aspect of the present invention, the 3-D image display unit is 
expanded from that in the sixth aspect so that the display unit enables the second threshold value 
to be included in the control information. 

According to the thirteenth aspect of the present invention, the 3-D image display unit 
displays a 3-D image configured by a plurality of images and includes an input part for inputting 
control information required to display the 3-D image and a display controlling part for 
controlling the display of the 3-D image. The display controlling part forms a 2-D image from 
the 3-D image according to the predetermined first condition and displays the 2-D image instead 
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of the 3-D image and displays the 3-D image instead of the 2-D image according to the 
predetermined second condition. 

A 3-D image recording unit of the present invention, which records a 3-D image 
configured by a plurality of images in a predetermined recording area, includes the 
predetermined recording area that includes at least one of an image recording region for 
recording the 3-D image, an audio recording region for recording audio data, and a sub-code 
recording region for recording associated information. 

The 3-D image recording unit of the present invention, which records a 3-D image 
configured by a plurality of images, includes a recording part for recording control information 
required to control the display of the 3-D image in a predetermined recording area. The control 
information includes information for denoting 3-D effect intensity of the 3-D image and the 
recording area includes at least one of an image recording region for recording the 3-D image, an 
audio recording region for recording audio data, and a sub-code recording region for recording 
associated information. 

The 3-D image recording unit of the present invention, which records a 3-D image 
configured by a plurality of images in a predetermined recording area, includes a recording part 
for recording control information required to control the display of the 3-D image and the control 
information includes a threshold value related to a accumulative value that increases together 
with a 3-D display time. The recording area includes at least one of an image recording region 
for recording the 3-D image, an audio recording region for recording audio data, and a sub-code 
recording region for recording associated information. 

The 3-D image recording unit of the present invention, which records a 3-D image 
configured by a plurality of images in a predetermined recording area, includes a recording part 
for recording control information required to control the display of the 3-D image and the control 
information includes information for denoting a limit time for limiting the display of the 3-D 
image. The recording area includes at least one of an image recording region for recording the 
3-D image, an audio recording region for recording audio data, and a sub-code recording region 
for recording associated information. 
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Tlie 3-D image recording method of tlie present invention, which records a 3-D image 
configured by a plurality of images in a predetermined recording area, uses the recording area 
that includes at least one of an image recording region for recording the 3-D image, an audio 
recording region for recording audio data, and a sub-code recording region for recording 
associated information. 

The 3-D image recording method of the present invention, which records a 3-D image 
configured by a plurality of images in a predetermined recording area, includes a recording step 
of recording control information required to control the display of the 3-D image in the 
predetermined recording area and the control information includes information for denoting 3-D 
effect intensity of the 3-D image and the recording area includes at least one of an image 
recording region for recording the 3-D image in the recording region, an audio recording region 
for recording audio data, and a sub-code recording region for recording associated information. 

The 3-D image recording method of the present invention, which records a 3-D image 
configured by a plurality of images in a predetermined region, includes a recording step of 
recording control information required to control the display of the 3-D image and the control 
information includes a threshold value related to an accumulative value that increases together 
with a 3-D display time and the recording area includes at least one of an image recording region 
for recording the 3-D image, an audio recording region for recording audio data, and a sub-code 
recording region for recording associated information. 

The 3-D image recording method of the present invention, which records a 3-D image 
configured by a plurality of images in a predetermined region, includes a recording step of 
recording control information required to control the display of the 3-D image and the control 
information includes information for denoting a limit time required to limit the display of the 3-D 
image while the recording area includes at least one of an image recording region for recording 
the 3-D image, an audio recording region for recording audio data, and a sub-code recording 
region for recording associated information. 

In order to achieve the above objects, the 3-D image display unit of the present 
invention, which displays an image for each of the right and left eyes of the user separately, 
includes 3-D image forming means for forming a 3-D image from a plurality of images and 
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parallax adjusting means for adjusting the parallax of the 3-D image for the 3-D image forming 
means. And, the parallax adjusting means, in the case where the first predetermined time is 
reached, reduces the parallax of the 3-D image for the 3-D image forming means. 

According to this configuration, the 3-D image display unit can adjust the parallax of the 
3-D image displayed according to the degree of the eyestrain of the user, thereby the user's eyes 
can be protected with a simple configuration of the display unit. 

The 3-D image display unit may also include a storage means for storing the parallax of 
the 3-D image so that the parallax adjusting means restores the initial parallax of the 3-D image 
for the 3-D image forming means according to the parallax stored in the storage means in the 
case where the second predetermined time is reached after the parallax of the 3-D image formed 
by the 3-D image forming means is reduced by the parallax adjusting means. 

According to another aspect of the present invention, the 3-D image display unit includes 
3-D image forming means for forming a 3-D image from a plurality of images, warning display 
controlling means for forming a warning message for the 3-D image forming means and the 
warning display controlling means forms the waming message for the 3-D image forming means 
in the case where the display time of the 3-D image exceeds the first predetermined time. 

According to this configuration, the 3-D image display unit displays a waming message 
in the case where 3-D images are displayed long time, so that the user can receive the 
"excessively long observation" waming earlier, thereby the user can be protected from eyesfrain. 

The waming message should preferably be displayed as a 3-D image. It is also possible 
to display other items than the waming message as 2-D images while the waming message is 
displayed as a 3-D image. The waming message may also be displayed as a 3-D image at the 
very limit position where the user can recognize the message as a 3-D image with difficulty. 
Consequently, the user will be able to recognize the waming message earlier, thereby the user is 
protected from eyestrain. 

According to still another aspect of the present invention, the 3-D image display unit 
includes 3-D image forming means for forming a 3-D image from a plurality of images, a 2-D 
image forming means for forming a 2-D image from a plurality of images, and a display means 
for displaying the 3-D image formed by the 3-D image forming means or 2-D image formed by 
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the 2-D image forming means. In the case where the 3-D image display time exceeds the first 
predetermined time, the 3-D image display unit shuts off the power including at least that of the 
display means automatically. And, in the case where the power is restored before the 3-D image 
display off-time exceeds the second predetermined time, the 2-D image formed by the 2-D image 
forming means is displayed on the display means. 

In the case where the power is not restored even after the 3-D image display off-time 
exceeds the second predetermined time, the power of the whole unit is turned off. Consequently, 
in the case where the power is turned on when the 3-D image display off-time exceeds the second 
predetermined time, the 3-D image display unit returns to the normal state to display the initial 
3-D image. 

According to this configuration, the power to the 3-D image display unit is turned off 
forcibly in the case where 3-D images are displayed continuously for a long time and the 3-D 
image display is inhibited and the inhibition is not reset until a predetermined time is reached 
even when the user makes an attempt to turn on the power. Thus, the user is surely protected 
from eyestrain. And, even when the user turns on the power before the predetermined time is 
reached, 2-D image display that will require less burden on the user's eyes is enabled, thereby the 
3-D image display unit can be used continuously. 

The 3-D image display unit of the present invention may also include 3-D image 
decoding means for decoding 3-D image format data and separating means for separating 3-D 
image data decoded by the 3-D image decoding means into right-eye image data and left-eye 
image data. The format of the 3-D image format data may include at least a single piece of 3-D 
image identification information for denoting whether or not the object data is for 3-D image 
display, at least a single piece of 3-D image control information that includes at least one of first 
and second predetermined times, and at least a single piece of image data. The image data may 
be compressed. The 3-D image decoding means may have 3-D image control information 
analyzing means for analyzing the 3-D image control information of the 3-D format data and 
image data part decoding means for decoding the 3-D image data of the 3-D image format data. 

According to this configuration, the 3-D image display unit decodes the user's 
appreciation time of 3-D images and information for denoting a 3-D image continuous 
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application time without changing the parallax, thereby adjusting the appreciation time for each 
data having 3-D image control information without reducing the parallax and the continuous 3-D 
appreciation time respectively. For example, those two times can be changed according to 
whether or not the data requires a large parallax and a heavy burden on the user's eyes, so that the 
user's eyestrain is eased. 

Furthermore, according to the 3-D image format data described above, in the case where 
the 3-D image format data is to be transmitted, information for denoting an user's 3-D image 
allowable appreciation time and a continuous 3-D image allowable appreciation time without 
changing the parallax according to whether or not the parallax is large and the data requires a 
heavy burden on the user's eyes can be recorded by the user before it is transmitted. 
Consequently, the user can be provided with data that prevents long time appreciation so that the 
user is protected from eyestrain. 

Furthermore, according to the 3-D image format data, the information for denoting an 
user's 3-D image appreciation allowable time and a continuous 3-D image appreciation 
allowable time without changing the parallax can be included in the 3-D image control 
information of the 3d image format data, thereby the information can be transmitted together 
with image data. The 3-D image display unit is thus very easy to operate. 

The 3-D image recording method of the present invention, which records a 3-D image 
configured by a plurality of images, includes a recording step of recording control information 
required to display the 3-D image and the control information includes at least display 
information that takes at least two values and the display information may denote that a 3-D 
image is displayed as a 2-D image in the case where the display information takes the first value 
and a 3-D image is displayed as a 2-D or 3-D image in the case where the display information 
takes the second value. 

The 3-D image recording method of the present invention, which records each 3-D image 
consisting of a plurality of images, includes a recording step of recording control information 
required to display the 3-D image and the control information contains at least display 
information that takes at least two values and the display information may denote that a 3-D 
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image is displayed as a 2-D image if the display information takes the first value and a 3-D image 
is displayed as a 2-D or 3-D image if the display takes the second value. 

The 3-D image display unit of the present invention, which displays a 3-D image 
configured by a plurality of images, includes an input part for inputting control information 
required to display the 3-D image and the control information includes display information that 
takes at least two values. The display information may denote that a 3-D image is displayed as a 
2-D image in the case where the display information takes the first value and a 3-D image is 
displayed as a 2-D or 3-D image in the case where the display information takes the second 
value. 

The 3-D image recording method of the present invention, which records a 3-D image 
configured by a plurality of images, includes a recording step of recording control information 
required to display the 3-D image and the control information includes a threshold value related 
to an accumulative value that increases together with a 3-D image display time and the threshold 
value, in the case where it is a predetermined value, denotes that a 3-D image is displayed as a 
2-D image while a 3-D image is displayed as a 2-D or 3-D image in the case where the threshold 
value is not the predetermined value. 

The 3-D image transmission method of the present invention, which transmits a 3-D 
image configured by a plurality of images, includes a recording step for recording control 
information required to display the 3d image and the control information includes a threshold 
value related to an accumulative value that increases together with a 3-D image display time and 
the threshold value, in the case where it is a predetermined value, denotes that a 3-D image is 
displayed as a 2-D image while a 3-D image is displayed as a 2-D or 3-D image in the case where 
the threshold value is not the predetermined value. 

The 3-D image display unit of the present invention, which displays a 3-D image 
configured by a plurality of images, includes an input part for inputting control information 
required to display the 3-D image and the control information includes a threshold value related 
to an accumulative value that increases together with a 3-D display time and the threshold value, 
in the case where it is a predetermined value, may denote that a 3-D image is displayed as a 2-D 
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image while the threshold value, in the case where it is not the predetermined value, may denote 
that a 3-D image is displayed as a 2-D or 3-D image. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a block diagram of a 3-D image display unit in the first embodiment of the 
present invention; 

Fig. 2 is a 2-D image data structure and its display method used for the 3-D image 
display unit in the first embodiment of the present invention; 

Fig. 3 is an example of how to form 3-D image data and how to display the same when 
the display means 3 is just enabled for 3-D display in the 3-D image display unit in the first 
embodiment of the present invention; 

Fig. 4 is an example of how to form 3-D image data and how to display the same with 
use of the 3-D image display unit in the first embodiment of the present invention; 

Fig. 5 is a flowchart of the processings to display a 3-D image with use of the 3-D image 
display unit in the first embodiment of the present invention; 

Fig. 6 is an example of how to form 3-D image data and how to display the same with 
use of the 3-D image display unit in the first embodiment of the present invention; 

Fig. 7 is an example of 3-D image decoding means 500 for decoding 3-D image format 
data Fl in the first embodiment of the present invention; 

Fig. 8 is an example of the 3-D image format data Fl in the first embodiment of the 
present invention; 

Fig. 9 is an example of how to receive 3-D image contents broadcast in the first 
embodiment of the present invention; 

Fig. 10 is an example of a flow of 3-D image format data Fl when a recording medium 
is used as a transmission path for the data Fl in the first embodiment of the present invention; 

Fig. 11 is an example of a flow of 3-D image format data Fl when a network is used as a 
transmission path for the data Fl in the first embodiment of the present invention; 

Fig. 12 is a block diagram of the 3-D image display unit in the first embodiment of the 
present invention in the case where there are three input images handled in the unit; 
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Fig. 13 is an example of how to form 3-D image data and how to display the same in the 
first embodiment of the present invention in the case where there are three input images handled 
in the display unit; 

Fig. 14 is a block diagram of a 3-D image display unit in the second embodiment of the 
present invention; 

Fig. 15 is a flowchart of the processings to display a 3-D image with use of the 3-D 
image display unit in the second embodiment of the present invention; 

Fig. 16 is a block diagram of a 3-D image display unit in the third embodiment of the 
present invention; 

Fig. 17 is a flowchart of the operations of the 3-D image display unit in the third 
embodiment of the present invention; 

Figs. 18A to 18C are examples of how the parallax of a 3-D image is and how the 3-D 
image is seen; 

Fig. 19 is an example of a relationship between the 3-D effect intensity and the 3-D 
display allowable time; 

Fig. 20 is an example of a relationship between the accumulative intensity and the time; 

Fig. 21 is another example of the relationship between the display time and the 
accumulative intensity; 

Fig. 22 is a first example of the relationship between the display time and the 
accumulative intensity; 

Fig. 23 is a block diagram of a 3-D image encoding device in the fourth embodiment of 
the present invention; 

Fig. 24 is a block diagram of a 3-D image decoding device in the fourth embodiment of 
the present invention; 

Fig. 25 is a block diagram of a 3-D image display unit in the fourth embodiment of the 
present invention; 

Fig. 26 is the second example of the relationship between the display time and the 
accumulative intensity; 
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Fig. 27 is tiie third example of the relationship between the display time and the 
accumulative intensity; 

Fig. 28 is an example of a format of a digital video tape having data recorded with use of 
a 3-D image display unit in the fifth embodiment of the present invention; 

Fig. 29 is another example of the format of the digital video tape having data recorded 
with use of a 3-D image display unit in the fifth embodiment of the present invention; 

Fig. 30 is still another example of the format of the digital video tape having data 
recorded with use of a 3-D image display unit in the fifth embodiment of the present invention; 

Fig. 3 1 is a block diagram of a 3-D image recording unit in the fifth embodiment of the 
present invention; 

Fig. 32 is a block diagram of the 3-D image recording unit in the fifth embodiment of the 
present invention; 

Fig. 33 is an example of 3-D image format data Fl in the sixth embodiment of the 
present invention; 

Fig. 34 is an example of a flow of the 3-D image format data Fl in the sixth embodiment 
of the present invention; and 

Fig. 35 is a block diagram of a 3-D image display unit in the sixth embodiment of the 
present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereunder, the embodiments of the present invention will be described with reference to 
the accompanying drawings. 

Fig. 1 shows a block diagram of a 3-D image display unit in the first embodiment of the 
present invention. 

At first, a description will be made for the 3-D image display unit that handles two input 

images. 

The 3-D image display unit in the first embodiment comprises 3-D image forming means 
1 for forming a 3-D image from the images of both right and left eyes, 2-D image forming means 
6 for forming a 2-D image from one of the right-eye and left-eye images, switches 1 1 to 14 for 
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switching among input/output images, a switch controlling means 10 for controlling each of the 
above switches in accordance with the display information Ml for denoting whether to enable 
3-D display or 2-D display with use of the image of each eye (L. . . left eye image data, R: right 
eye image data), a frame memory 2 for storing each image formed by the 3-D image forming 
means 1 or 2-D image forming means 6 or input image as is, display means 3 for displaying two 
images in the frame memory 2 as a 3-D image or 2-D image according to the display mode 
information Ml, time measuring/judging means 4 for measuring the display time of each 3-D 
image, and parallax controlling means 5 for instructing the 3-D image forming means to form a 
3-D image by adjusting the parallax of each of the right-eye image and the left-eye image in the 
case where the 3-D image display time exceeds a predetermined time. The display mode 
information Ml will be described later. 

The display means 3 is assumed to be a two-eye type one for displaying both of the 
right-eye and left-eye images separately (images of two viewpoints). 

Hereinafter, the first embodiment of the present invention will be described in detail. 

At first, left-eye image data L and right-eye image data R are inputted as input images Al 
and A2 to the 3-D image display unit from external respectively. Then, display mode 
information Ml is inputted to the switch controlling means 10 from the external. There are four 
types for the display mode information Ml; 3-D image display mode (or 3-D display mode), 
left-eye 2-D image display mode (left-eye 2-D display mode), right-eye 2-D image display mode 
(right-eye 2-D display mode), and input image through display mode (through display mode). 
This 3-D image display unit switches among the 3-D image display, the 2-D image display using 
a left-eye image, the 2-D image display using a right-eye image, and the input image through 
display for displaying an input 2-D image as is in accordance with the inputted display mode 
information Ml. Table 1 summarizes the values of the display mode information Ml, mode 
names, and images to be displayed in those modes. 
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Table 1 



Display Mode 
Information Ml 


Mode Name 


Display Image 


1 


3-D image display mode 


3-D images 


2 


Left-eye 2-D image display 

mode 


2-D image formed with left-eye 2-D 
image of each 3-D image 


3 


Right-eye 2-D image 
display mode 


2-D image formed with right-eye 2-D 
image of each 3-D image 


4 


Input image through display 
mode 


Input images 



At first, a description will be made for the operation of the display unit in the case where 
the input image through display mode is set in the display mode information Ml . In that case, for 
example, the display unit displays the input image Al as is. 

The switch controlling means 10 then turns off the switches 1 1 and 12 and turns on/off 
the switches 13 and 14 so that the input image Al is inputted to the frame memory 2 through 
those switches 13 and 14 as is. The input image Al is thus written in the frame memory 2 
through the switches 13 and 14. The input image Al is then inputted to the display means 3 from 
the frame memory 2. And, the display means displays the input image Al as a 2-D image. At 
that time, the input image Al may be replaced with the input image A2; whether to use the input 
image Al or A2 can be set freely. 

Next, a description will be made for the operation of the display unit in the case where the 
left-eye 2-D image display mode is set in the display mode information Ml. The switch 
controlling means 10 turns off the switches 1 1 and 12 and turns on/off the switches 13 and 14 so 
that the left-eye image data L is inputted to the 2-D image forming means 6 and the 2-D image 
forming means 6 is connected to the fi^me memory 2 respectively. The left-eye image data L is 
thus inputted to the 2-D image forming means 6 through the switch 13. Then, the 2-D image 
forming means 6 forms 2-D image data using the left-eye image, then the formed image is 
written in the frame memory 2 through the switch 14. After that, the 2-D image data is inputted 
to the display means 3 from the frame memory 2. The display means 3 thus displays the mputted 
2-D image data. 
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Fig. 2 shows a structure of data formed by the 2-D image forming means 6 and a method 
for displaying the data in the case where the display mode information Ml denotes a mode for 
displaying a left-eye image L as a 2-D image. In the case where it is assumed that the left-eye 
image data L is decomposed to strip images LI to L8 in the vertical direction, part of the left-eye 
image data L (in the thick frame of the left-eye image data L shown in Fig. 2) is used as is for the 
2-D image data formed by the 2-D image forming means 6. Here, L2 to L7 are assumed to be 
displayed. In Fig. 2, two fi-ame views, that is, front view and top view are shown. In the top 
frame view, no slit (to be described in detail later) used in the 3-D display mode is shown to 
simplify the drawing. As to be understood in Fig. 2, 2-D image data 201 L2 to L7 are observed 
by the left eye of the user. The user can thus observe the image formed from the left-eye image 
data L as a 2-D image. 

As described above, while the display means 3 is enabled for both of 3-D display and 
2-D display, the means 3 may be enabled just for 3-D display. Fig. 3 shows an example of how 
the 2-D image forming means 6 forms data and how the data is displayed in the case where the 
display mode information Ml denotes a mode for displaying the left-eye image data L as a 2-D 
image. And, it is assumed here that the display means displays the same image as that described 
with reference to Fig. 2. The display means 3 has a screen on which slits 300 are provided. The 
slip-like images L2, LA, and L6 displayed in the frames 30 1 are sent to the left eye of the user and 
the slit-like images L3, L5, and L7 are sent to the right eye of the user respectively, so that the 
user can observe the images formed from the left-eye image data L as a 2-D image. The slits on 
the screen of the display means 3 may be replaced with lenses. 

In the case where the right-eye 2-D image display mode is set in the display mode 
information Ml, a 2-D image is formed from a right-eye image and displayed on the screen just 
like in the left-eye 2-D image display mode. 

Next, a description will be made for the operation of the display unit when the 3-D 
image display mode is set in the display mode information Ml. In the case where the display 
mode information Ml specifies the 3-D image display mode, the switch controlling means 10 
turns on the switches 1 1 and 12 and controls the switch 14 so that the 3-D image forming means 
1 is connected to the frame memory 2. Thus, the left-eye image data L and the right-eye image 
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data R are inputted to the 3-D image forming means 1 from external through the switch 1 1 and 
the switch 12 respectively. The 3-D image forming means 1 thus forms 3-D image data and 
writes the formed data in the frame memory 2. The 3-D image data is then inputted from the 
frame memory 2 to the display means 3. Finally, the display means displays the inputted 3-D 
image data as a 3-D image. 

Fig. 4 shows an example of how 3-D image data is formed and how the image data is 
displayed. It is assumed here that slip-like images LI to L8 are obtained by decomposing the 
left-eye image data L in the vertical direction and slip-like images Rl to R8 are obtained by 
decomposing the right-eye image data R in the vertical direction respectively. The size of the 
images to be displayed in the horizontal direction is assumed to be smaller than the size of both 
of the left-eye image data L and the right-eye image data R in the horizontal direction. For 
example, in the case where the images within the thick frame among the right-eye images and the 
left-eye image data shown in Fig. 4 are to be displayed actually, the 3-D image data is formed 
using the slip-like images L2, R3, L4, R5, L6, and R7 as shown in Fig. 4. And, because slits 300 
or lenses are provided on the screen of the 3-D image display unit, the slip-like images L2, L4, 
and L6 displayed in the 3-D image data 301 are sent to the left eye of the user while the slip-like 
images R3, R5, and R7 displayed in the 3-D image display unit are sent to the right eye of the 
user, thereby the user can observe the 3-D image. 

In the example shown in Fig. 4, how to form (combine) 3-D image data by thinning out 
and combining inputted image data is described. While the 3-D image forming means 1 shown 
in Fig. 1 may do both thinning and combining such way, the thinning may be done by an external 
device and only the combining may be done by the 3-D image forming means 1. In the latter 
case, the left-eye image data L and the right-eye image data R inputted to the 3-D image forming 
means 1 from external come to be configured by only L2, L4, L6, and only L8 and Rl, R3, R5, 
and R7 respectively. 

In this embodiment, an adjustment is made so that the 3-D image parallax is reduced in 

the case where 3-D image display is continued for a predetermined time. Next, how the 3-D 
image parallax is handled and how each 3rd image is seen will be described with reference to 
Fig. 18. 
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In Fig. 1 8, the distance between the left and right eyes of the user is assumed as "e" and 
the distance between the user and the display screen is assumed as "L". And, in Fig. 1 8A, both of 
the right-eye image and the left-eye image are positioned at the same point (PI) on the screen. At 
that time, the user recognizes the image as if the image were on the display screen. 

After that, as shown in Fig. 1 8B, the image observed by the right eye is moved by a 
distance of "w" from the PI to the left. The right-eye image comes to the position of P2. At that 
time, the image is observed as if it were positioned at SI, thereby the user recognizes the image 
as if it came out of the screen by a distance of "d" toward the user. 

After that, as shown in Fig. 1 8C, the right-eye image is moved by a distance of "w" fi-om 
the PI to the right. The right-eye image thus comes to the position of P3. At that time, the image 
is observed as if it were positioned at S2. The user thus recognizes the image as if it drew back 
fi-om the display screen by a distance of "d". 

Generally, the parallax of a 3-D image differs among pixels. The 3-D image impression 
of the user received fi-om the entire image is referred to as "parallax" here. The parallax is 
adjusted by changing the relative positions of the left-eye and right-eye images in the horizontal 
direction as to be described later. 

Next, a description will be made for how the 3-D image display unit shown in Fig. 1 
displays 3-D images. 

In the initial state, the 3-D image display unit displays a 3-D image at a predetermined 
parallax A (ST). The time measuring/judging means 4 then measures the 3-D image display 
time at the parallax A. In that case, the means 4 starts the time measurement when the 3-D image 
display begins. The 3-D image forming means 1, while the 3-D image is displayed, sends a 3-D 
image display notice signal to the time measuring/judging means 4. Receiving the 3-D image 
display notice signal, the time measuring/judging means 4 starts measuring the time tl. 

The time measuring/judging means 4 then judges whether or not the measured time tl 
exceeds a predetermined time TIMEl (SI 2). In the case where the judgment result is NO (not 
exceeds), control goes to step 1 1 in which the time measuring/judging means 4 continues the 
display of the 3-D image at the parallax A. In the case where the judgment result is YES 
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(exceeds), the time measuring/judging means 4 outputs a time measurement end signal Tl to the 
parallax controlling means 5. 

The parallax controlling means 5, when receiving a time measurement end signal Tl, 
instructs the 3-D image forming means 1 to form a 3-D image by reducing the parallax. The 3-D 
image forming means 1 then reduces the parallax and forms a 3-D image. At the same time, the 
means 1 sends a reset signal to the time measuring/judging means 4. The 3-D image forming 
means 1 thus stores the original parallax (parallax A). Consequently, the display means displays 
a 3-D image having a parallax B that is smaller than the parallax A (S13). 

The "parallax information" to be stored here is represented by a relative position of the 
right-eye image data R with respect to the left-eye image data L positioned on the 3-D image 
data, for example, when the 3-D image data is formed. And, the 3-D image forming means 1 
stores the position of each of the right-eye image and the left-eye image corresponding to the 
coordinates (x, y) at the top left of the thick fi^e shown in Fig. 4. 

In the case where the top left point of the image is defined as the origin (0,0) in Fig. 4, the 
horizontal direction is defined as "x", and the vertical direction is defined as "y", then both of the 
right and left positions of the thick frame become (1,0) respectively. 

At that time, when reducing the parallax of a 3-D image that looks as if it were at the front 
of the display screen, the 3-D image is reformed so as to be moved back closer to the display 
screen. Concretely, the right-eye image data R is just shifted to the right in the horizontal 
direction with respect to the left-eye image data L. When increasing the parallax, the 3-D image 
is reformed so as to be moved to the fi-ont of the display screen. Concretely, the right-eye image 
data R is just shifted to the left in the horizontal direction with respect to the left-eye image data 
L. 

When reducing the parallax of a 3-D image that looks as if it were at the back of the 
display screen, the 3-D image is reformed so as to be moved forward and closer to the display 
screen. When increasing the parallax, the 3-D image is reformed so as to be moved back of the 
screen. 

At that time, the right-eye image data R is shifted in the opposite direction of that when 
the 3-D image looks as if it were at the front of the display screen. 
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Next, a description will be made for an example of how to form a 3-D image by shifting 
the left-eye image data L in the horizontal direction to adjust the parallax of the object 3-D image 
with reference to Table 2. 



Table 2 





Required left-eye image data L 


Required right-eye image data R 


When moving a 3-D 
image to the front of the 
current display position 


Arrange the image data in order 
of L and R, then use the outer 
(left) side portion. 


Arrange the image data in order 
of L and R, then use the outer 
(right) side portion. 


When moving a 3-D 
image to the back of the 
current display position 


Arrange the image data in order 
of L and R, then use the inner 
(right) side portion. 


Arrange the image data in order 
of L and R, then inner (left) side 
portion. 



When moving a 3-D image to the front of the current display position while the image is 
formed with part of each of the left-eye image data L and the right-eye image data R, the image 
data is arranged in the order of L and R, then the object 3-D image is reformed with the outer 

region of each of L and R. When moving the 3-D image to the back of the screen, the image data 
is arranged in the order of L and R, then the inner region of each of L and R is used to reform the 
3-D image. For example, when moving a formed 3-D image to the front of the screen while the 
coordinates (1,0) are set for both of the top left and top right comers of the thick frame shown in 
Fig. 4, the top left comer coordinates are set at (0,0) and the top right comer coordinates are set at 
(2,0) to reform the 3-D image. When moving the 3-D image to the back of the screen, the top left 
comer coordinates are set at (2,0) and the top right comer coordinates are set at (0,0) to reform 
the 3-D image. 

Next, how to form 3-D image data by reducing the parallax will be described with 
reference to Fig. 6. Fig. 6 shows an example of how to form 3-D image data and how to display 
the same by reducing the parallax so that the 3-D image looks as if it were at the front of the 
screen. For example, the 3-D image data shown in Fig. 4 is used to display a 3-D image that 
looks as if it were at the front of the screen. At that time, when displaying a 3-D image by 
reducing the parallax, the 3-D image is just reformed so that it is moved to the back of the screen. 
In other words, as described in Table 2, the top left comer coordinates of the thick frame shown 
in Fig. 6 is just set at (0,0) for the left-eye image data L and (2,0) for the right-eye image data R. 
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The L 1 , L3 , and L5 of the left-eye image data L are set at the positions of L2, L4, and L6 
of the 3-D image data shown in Fig. 4. Similarly, the R4, R6, and R8 of the right-eye image data 
R are set at the positions of the R3, R5, and R7 of the 3-D image shown in Fig. 4. The LI, L3, 
and L6 of the 3-D image are observed by the left eye while the R4, R6, and R8 are observed by 
the right eye, thereby the user can recognize the 3-D image data as a 3-D image. 

When reducing the parallax of a 3-D image, the thick frame shown in Fig. 4 is shifted to 
the left for the left-eye image data L and to the right for the right-eye image data R to form the 
object 3-D image. When increasing the parallax of the 3-D image, the thick frame is shifted in 
the opposite direction to form the object 3-D image data. 

In the case where a 3-D image having a parallax A is modified to be displayed with a 
smaller parallax B, since its display time exceeds a predetermined time TIMEl such way, the 
time measuring/judging means 4 resets the current measuring time and starts measuring of the 
time t2 at which the 3-D image is displayed with the new parallax B. 

After that, the time measuring/judging means 4 compares the measured time t2 with a 
predetermined time TIME2 (SI 4). In the case where the time t2 does not reach the TIME2 yet, 
control returns to step 13 in which the time measuring/judging means 4 continues the display of 
the 3-D image having the smaller parallax B. In the case where the measured time t2, that is, the 
display time of the 3-D image having the parallax B reaches the predetermined time TIME2, the 
time measuring/judging means 4 outputs a time measuring end signal T2 to the parallax 
controlling means 5. Receiving the signal T2, the parallax controlling means 5 outputs a signal 
for restoring the parallax stored in the 3-D image forming means 1 to the 3-D image forming 
means 1. Receiving the signal, the 3-D image forming means 1 restores the original parallax to 
form the object 3-D image and sends a reset signal to the time measuring/judging means 4. At 
that time, the time measuring/judging means 4 may restore the original parallax A immediately 
or form a 3-D image to be displayed so that the parallax increases step by step. 

As described above, in the case where the parallax of a 3-D image is changed to another, 
the 3-D image forming means 1 outputs a reset signal to the time measuring/judging means 4. 
Receiving the reset signal, the time measuring^udging means 4 resets the measuring time to 0, 
then starts time measuring again. As described above, the time measuring/judging means 4 
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measures the 3-D display time at a predetermined parallax and adjusts the parallax according to 
the result of the time measurement to form the object 3-D image. 

Next, a description will be made for signals to be exchanged among the 3-D image 
forming means 1, the time measuring/judging means 4, and the parallax controlling means 5 with 
reference to Table 3. 



Table 3 



\ Signal Name 
State \ 


Signals output to time 
measuring/judging 
means 4 from 3-D 
image forming means 
1 


Signals output to 
parallax controlling 
means 5 from time 
measuring/judging 
means 4 


Signals output to 3-D 
image forming means 
1 from parallax 
controlling means 5 


[1-1] 


3-D image display 
notification signal 


None 


None 


[1-2] 


Reset signal 


Time measurement 
end signal Tl for 
notifying that a 
predetermined time 
TIMEl is reached 


Signal for instructing 
forming of a 3-D 
image by reducing the 
parallax 


[1-3] 


3-D image display 
notification signal 


Time measurement 
end signal T2 for 
notifying that a 
predetermined time 
TIME2 is reached 


Signal for instructing 
forming of a 3-D 
image by restoring the 
original parallax 


ri-41 


Reset signal 


None 


None 



The state [1-1] denotes that time measurement is started by the time measuring/judging 
means 4. In that state, the 3-D image forming means 1 outputs a 3-D image display notification 
signal to the time measuring/judging means 4. The signal denotes that the display unit is 
displaying a 3-D image. 

The state [1-2] denotes that the measurement time of the time measuring/judging means 
4 reaches a predetermined time TIMEl. In that state, the time measuring/judging means 4 
outputs a time measurement end signal Tl for denoting that the time TIMEl is reached to the 
parallax controlling means 5, thereby the parallax controlling means 5 outputs a signal for 
instructing the 3-D image forming means 1 to form a 3-D image by reducing the parallax. 

22 



Marked-up Specification 
Appln.No. 10/528,999 



Docket No. 1254-0277PUS1 



Receiving the signal, the 3-D image forming means 1 outputs a reset signal for resetting the time 
measuring/judging means 4 to the time measuring/judging means 4. 

The state [1-3] denotes that the measurement time of the time measuring/j udging means 
4 reaches a predetermined time TIME2. In that state, the time measuring/judging means 4 
outputs a time measurement end signal T2 for denoting that the time TIME2 is reached to the 
parallax controlling means 5. And accordingly, the parallax controlling means 5 outputs a signal 
for instructing the 3-D image forming means 1 to form a 3-D image by restoring the original 
parallax. At the same time, the 3-D image forming means 1 outputs a 3-D image display 
notification signal to the time measuring/judging means 4. 

The state [1-4] denotes that the original parallax is restored for forming an object 3-D 
image. In that state, the 3-D image forming means 1 outputs a reset signal to the time 
measuring/judging means 4. 

As described above, because the 3-D image display unit of the present invention can 
display each 3-D image by reducing the parallax even when the user is observing 3-D images for 
a long time, thereby his/her parallax sensitivity goes down due to his/her eyestrain. The user can 
thus be protected from eyestrain. And, when the user restores his/her original parallax sensitivity 
due to his/her recovery from the eyestrain, the display unit starts displaying the 3-D image with 
the original parallax, so that the user can observe 3-D images again with less feeling of 
indifference. The TIMEl and TIME2 described above can be stored as preset values in the 
memory provided in the 3-D image display unit. 

Each of TIMEl and TIME2 may not be only one value. For example, a plurality of 
values may be set for TIME1/TIME2 according to the number of combinations of parameters set 
for a screen size of input images, as well as such a full replay time as items related to the 
eyestrain in the case where the input images are for video data. The TIME1/TIME2 may also be 
set or changed by the user. 

The 3-D image display unit may also include 3-D image decoding means 400 for 
decoding the 3-D image format data Fl as shown in Fig. 7 and separating means 504 for 
separating 3-D image data decoded by the means 500 into right-eye image data and left-eye 
image data. In that cormection, the 3-D image format data Fl may include values equivalent to 
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the above-described TIMEl and TIME2 stored beforehand in itself so that those values are 
substituted for the TIMEl and TIME2 in the 3-D image display unit. Hereinafter, the operation 
of the 3-D image decoding means 500 will be described. The 3-D image decoding means 500 
includes 3-D image control data analyzing means 501, image data decoding means 502, and a 
switch 503 and decodes the 3-D image format data Fl . 

Next, the 3-D image format data Fl will be described. Fig. 8 shows an example of the 
3-D image format data Fl . The 3-D image format data Fl shown in Fig. 8 is configured by a 3-D 
image control information part and an image data part. The 3-D image control information part 
is configured by 3-D image identification information II for denoting whether or not the 3-D 
image format data Fl is 3-D image display data, as well as control information 12. The image 
data part is configured by encoded data D. The control information 12 denotes the above 
described TIMEl and TIME2. The encoded data in the image data part may be encoded with 
such an encoding method as JPEG, MPEG, or the like from an image in which the corresponding 
left-eye image data L and right-eye image data R are arranged side by side horizontally. In the 
3-D image format data Fl, data is stored in the order of II, 12, and D. 

The 3-D image control data analyzing means 501 analyzes the 3-D image control 
information and judges whether or not the 3-D image format data Fl is 3-D image display data. 
In the case where the judgment result is YES, the 3-D image control data analyzing means 501 
outputs the control information 12 that denotes the values of both TIMEl and TIME2 and the 3-D 
image display mode set in Table 1, which denotes the display mode information Ml to the 3-D 
image display unit, then controls the switch 503 to connect the image data decoding means 502 
to the separating means 504. At the same time, the 3-D image control data analyzing means 501 
outputs the decoded data D to the image data decoding means 502. The image data decoding 
means 502 decodes the encoded data D to generate 3-D image data W2 to be output to the 
separating means 504. The separating means 504 separates the inputted 3-D image data W2 into 
left-eye image data L and right-eye image data R, then outputs both L and R to the 3-D image 
display unit as output image data Ol and 02. The output data 01 and 02 are inputted to the 3-D 
image display unit shown in Fig. 1 as input images Al and A2. 
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The values stored in the control information 12 provided in the 3-D image format data Fl 
may be any one of TIME 1 and TIME2. And, a preset value may be used for any data that is not 
stored in the control information 12. 

The values stored in the control information 12 provided in the 3-D image format data Fl 
may be any one of TIME! and TIME2. And, a preset value may be used for any data that is not 
stored in the control information 12. 

For example, when reproducing 3-D image format data Fl in which only TIMEl is 
stored, the 3-D image display is controlled so as to reduce the parallax when the 3-D image 
display time reaches the TIMEl . After that, however, the display is assumed to be controlled for 
each reproducing apparatus freely. In other words, when the 3-D image display time reaches 
TIMEl, the following processings are enabled. 

(i) The 3-D image display is continued with a reduced parallax until the power is turned off next. 

(ii) The subject reproducing apparatus sets a time equivalent to TIME2 and restores the original 
parallax as described above. 

(iii) The subject reproducing apparatus sets a predetermined time and changes over the 3-D 
image display to 2-D image display when the 3-D image display time reaches a predetermined 
time. 

Although the parallax of a 3-D image is reduced when the measured value of the 3-D 
display time reaches TIMEl in the above example, 3-D image display may be changed over to 
2-D image display when TIMEl is reached. Consequently, the intention of the contents creator 
of the 3-D image is affected in the display and the user can be recovered from eyestrain earlier. 

In the case where the 3-D image identification information II denotes that the 3-D image 
format data Fl is not 3-D image display data, the 3-D image control data analyzing means 501 
does not output the control information 12. Instead, the 3-D image control data analyzing means 
501 outputs information for denoting the input image through display mode to the 3-D image 
display unit as display mode information Ml. At the same time, the 3-D image control data 
analyzing means 501 changes over the switch 503 so that the image data decoding means 502 
outputs image data Ol. At the same time, the 3-D image control data analyzing means 501 
outputs encoded data D to the image data decoding means 502. The image data decoding means 
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502 then decodes the data D. The decoded data is assumed as 2-D image data Wl and output as 
output image data Ol, which is then inputted to the 3-D image display unit shown in Fig. 1 as an 
input image Al. 

The image data stored in the 3-D image format data Fl described above may not be 
encoded. For example, the data may not be compressed. 

And, although the display mode information Ml is obtained from the 3-D image control 
information II in the above description, the Ml may be inputted from external and such an 
inputted external value may be used with priority. However, it is only when the 3-D image 
control information II denotes that the 3-D image format data Fl is not 3-D image display data 
that the value in the display mode information Ml specifies the input image through display 
mode forcibly. 

Furthermore, the 3-D image control information part of the 3-D image format data Fl 
described above may be inserted repetitively in the data Fl. Fig. 9 shows an example of how to 
receive broadcast 3-D image contents. For example, a mobile receiving terminal 22 receives the 
waves of 3-D image contents broadcast from a broadcasting satellite 21. In that connection, the 
broadcast contents are configured by a plurality of pieces of program arrangement information 
and 3-D image contents. The 3-D image control information part may be inserted in the program 
arrangement information as part of the information. 

In the 3-D image format data Fl, the 3-D image control information part may be inserted 
in the image data part. For example, in the case where the data in the image data part is encoded 
with MPEG-4, the 3-D image control information part may be inserted in a predetermined 
position ruled in the MPEG-4 encoded data. 

Although the time measuring/judging means 4 starts time measurement just when 3-D 
image display begins in the above description, the time measuring/judging means 4 may start the 
measurement just when data is received fix)m the 3-D image control information part for the first 
time after receiving the broadcast contents begins or when the program arrangement information 
is received for the first time in the case where the 3-D image control information part data is 
included in the program arrangement information. And, in the case where the necessary time 
information for reproducing a program is included in the above program arrangement 
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information received for the first time, the time measuring/judging means 4 may start time 
measurement just when the 3-D image is formed with the information. 

Although the 3-D image format data Fl is broadcast in the above example, such a 
network as the Internet may be used to send the Fl. The Fl may also be recorded in such a 
recording medium as a hard disk, an optical disk, or the like instead of the above sending method. 

Fig. 10 shows an example of a flow of 3-D image format data Fl recorded and used on a 
recording medium. Assume now that 3-D image data is inputted to the 3-D image encoding 
means 510. The 3-D image encoding means 510 then encodes the inputted 3-D image data and 
forms the 3-D image format data Fl, then outputs the formed 3-D image format data Fl to the 
recording medium 511. The recording medium 511 may be a hard disk, optical disk, or the like 
and can record inputted digital data. The 3-D image format data Fl is output from the recording 
medium 51 1 to the 3-D image decoding means 512. The 3-D image decoding means 512 then 
decodes the 3-D image format data Fl similarly to the 3-D image decoding means 500 described 
above, then outputs the control information 12, the display mode information Ml, and the 3-D 
image data. 

Fig. 1 1 shows an example of a flow of the 3-D image format data Fl when a network is 
used as a Fl transmission path. For example, 3-D image data is inputted to the 3-D image 
encoding means 520. The 3-D image encoding means 520 then encodes the inputted 3-D image 
data to form the 3-D image format data Fl . The 3-D image format data Fl is transmitted to the 
3-D image decoding means 523 through the network 522. The 3-D image decoding means 523 
decodes the 3-D image format data Fl similarly to the 3-D image decoding means 500 and 
outputs the control information 12, the display mode information Ml, and the 3-D image data 
respectively. 

The 3-D image format data F 1 to be transmitted may be transformed to data usable for the 
BS, CS, and other broadcasting systems. For example, 3-D image data may be inputted to the 
3-D image encoding means 520. The 3-D image encoding means 520 encodes the inputted 3-D 

image data, forms the 3-D image format data Fl, then outputs the formed format data Fl to the 
BS data forming means 521. The BS data forming means 521 then forms BS data using the 3-D 
image format data Fl, then outputs the formed BS data to the BS data decoding means 524 
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through the network 522. The BS data decoding means 524 decodes the inputted BS data to form 
the 3-D image format data Fl, then outputs the Fl to the 3-D image decoding means 523. The 
3-D image decoding means 523 then decodes the 3-D image format data Fl similarly to the 3-D 
image decoding means 500, then outputs the control information 12, the display mode 
information Ml, and the 3-D image data respectively. 

Such way, the 3-D image display unit can obtain TIMEl and TIME2 from the values set 
in the control information 12 so as to be used for object processings. The display unit can set 
TIMEl and TIME2 according to the object data to be displayed as a 3-D image conveniently. 

Next, a description will be made for a case in which there are three input images to be 
handled. Fig. 12 shows a block diagram of the 3-D image display unit in the first embodiment 
when the display unit handles those three input images. 

This 3-D image display unit comprises 3-D image forming means 600 for forming 3-D 
image data with an input of multiple-viewpoint image data (input images X, Y, and Z) 
photographed from three viewpoints, then outputting the 3-D image data to a frame memory 2, 
2-D image forming means 6 for forming a 2-D image from any one of the multiple-viewpoint 
images, switches 11, 12, 601 to 603 for switching among input^output image data, switch 
controlling means 604 for controlling those switches in accordance with display mode 
information M' 1 for denoting whether to make 3-D or 2-D display using the multiple-viewpoint 
image data, a frame memory 2 for storing images formed by the 3-D image forming means 600 
or 2-D image forming means 6 or input images as are, display means 3 enabled for both 3-D 
display and 2-D display and to display the image data stored in the frame memory 2 as 3-D 
images or 2-D images according to the display mode information M'l, time measuring/judging 
means 4 for measuring a 3-D image display time when displaying the 3-D image, and parallax 
confroUing means 5 for instructing the 3-D image forming means 600 to form a 3-D image by 
adjusting the parallax of each multiple viewpoint image in case where the 3-D image display 
time reaches a predetermined time. 

The display mode information M' 1 will be described later. 

The operations of the frame memory 2, the display means 3, the time measuring/judging 
means 4, the parallax controlling means 5, the 2-D image forming means 6, and switches 1 1 and 
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12 are all the same as those of the 3-D image display unit in the first embodiment when the 
display unit handles two input images, so that the same numerals/characters will be used for 
those shown in Fig. 12. Hereinafter, the first embodiment of the present invention will be 
described with reference to Fig. 12 when the display unit handles three input images. 

At first, the display mode information M' 1 is inputted to the switch controlling means 
604 from external. There are eight types for the display mode information M'l; 3-D image 
display modes 1 to 4, 2-D image display modes 1 to 3, and an input image through display mode. 
The 3-D image display unit switches among the 3-D image display modes using two or three 
input images, the 2-D image display modes using any one of input images, and the input image 
through display mode that displays each input 2-D image as is. 

Table 4 summarizes a relationship among the values of the display mode information 
M' 1, the mode names, and the images displayed in those modes. 



Table 4 



Display Mode 
Information M' 1 


Mode Name 


Display Image 


1 


3-D image display 
mode 


3-D images (2 viewpoints) formed with input 
images X and Y 


2 


3-D image display 
mode 


3-D images (2 viewpoints) formed with input 
images Y and Z 


3 


3-D image display 
mode 


3-D images (2 viewpoints) formed with input 

images X and Z 


4 


3-D image display 
mode 


3-D images (3 viewpoints) formed with input 
images X, Y, and Z 


5 


2-D image display 
mode 


2-D images formed with an input image X 


6 


2-D image display 
mode 


2-D images formed with an input image Y 


7 


2-D image display 
mode 


2-D images formed with an input image Z 


8 


Input image through 
display mode 


Input image X (any one of input images X, Y, 
andZ) 



In the 3-D image display mode 1, input images X and Y are used to form a 3-D image (2 
viewpoints) to be displayed. In the 3-D image display mode 2, input images Y and Z are used to 
form a 3-D image (2 viewpoints) to be displayed. In the 3-D image display mode 3, input images 
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X and Z are used to form a 3-D image (2 viewpoints) to be displayed. In the 3-D image display 
mode 4, input images X, Y, and Z are used to form a 3-D image (3 viewpoints) to be displayed. 

In the 2-D image display mode 1, an input image X is used to form a 2-D image to be 
displayed. In the 2-D image display mode 2, an input image Y is used to form a 2-D image to be 
displayed. In the 2-D image display mode 3, an input image Z is used to form a 2-D image to be 
displayed. In the 2-D image through display mode, any one of input images X, Y, and Z is 
displayed as a 2-D image as is. 

Hereinafter, the operation of the 3-D image display unit in each of the above 8 display 
modes will be described. At first, a description will be made for the operation of the display unit 
when any of the 3-D image display modes 1 to 3 is set in the display mode information M'l. 

At first, any one of the display modes 1 to 3 is inputted to the switch controlling means 
604. The switch controlling means 604 then turns off the switch 602 and controls the switches 
1 1 and 12 with reference to Table 4 so that image data (any two of the input images X, Y, and Z) 
required to form 3-D image data in the selected mode are inputted to the 3-D image forming 
means 600 and controls the switch 603 so that the 3-D image forming means 600 is connected to 
the frame memory 2. After that, the 3-D image forming means 600 forms 3-D image data (2 
viewpoints) similarly to the 3-D image display mode set in the display mode information Ml as 
described in the case when the display unit handles two input images, then outputs the formed 
image data to the frame memory 2. Finally, the 3-D image data are inputted to the display means 
3 from the frame memory 2. The display means 3 thus displays the inputted 3-D image data 
(2-viewpoint image data) as a 3-D image. 

The parallax controlling means 5 executes the same operation as that in the above case 
in which the display unit handles two input image data to display a 3-D image by adjusting the 
parallax. 

Although the display means 3 is a two-eye type one for displaying each of the right-eye 
and left-eye images (2-viewpoint images), the means 3 may be multiple-eye one for displaying 
3-viewpoint images. In that connection, the 3-D image display mode 4 may be selected. 

Next, the operation of the display unit when the 3-D image display mode 4 is set in the 
display mode information M'l will be described. 
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At first, the 3-D image display mode 4 is inputted to the switch controlling means 604. 
The switch controlling means 604 then turns off the switch 602 and controls the switches 1 1 and 
12 with reference to the Table 4 so that image data (input images X, Y, and Z) required to form a 
3-D image in the selected mode are inputted to the 3-D image forming means 600 and controls 
the switch 603 so that the 3-D image forming means 600 is connected to the frame memory 2. 
After that, the 3-D image forming means 600 forms 3-D image data (3-viewpoint images), then 
writes the formed image data into the frame memory 2. Finally, the 3-D image data are inputted 
to the display means from the fimne memory 2. The display means 3 thus displays the inputted 
3-D image data (3 viewpoint images) as a 3-D image. 

Next, the 3-D image data (3-viewpoint images) formed by the 3-D image forming means 
600 will be described with reference to Fig. 13. Fig. 13 shows an example of how to form 3-D 
image data and how to display the same when the display unit handles three input images. 

Assume now that each of input image data X, Y, and Z is divided in the vertical direction 
into slip-like images XI to X8, Yl to Y8, and Zl to Z8 respectively. In that connection, it is 
assumed that the size of each of the display image data X, Y, and Z in the horizontal direction is 
smaller than that in the horizontal direction. 

For example, in the case where the input image data X, Y, and Z in the thick frames 
shown in Fig. 13 are to be displayed actually, 3-D image data (3 viewpoints) are formed with X2, 
Y3, Z4, X5, Y6, and Z7 as shown in Fig. 13. As described above, the 3-D image display unit has 
slits 301 on its screen and the X2 and X5 images displayed on the screen are sent to the left eye 
and the Y3 and Y6 images are sent to the right eye of the user respectively, thereby the user can 
observe the 3-D image at the position 1 . And, when the user moves to the right, the Y3 and Y6 
images are sent to the left eye and the Z4 and Z7 images are sent to the right eye of the user 
respectively, thereby the user comes to observe the 3-D image at the position 2. 

The parallax adjustment is made as follows at that time; among the images of more than 3 
viewpoints, the parallax between images of two viewpoints that are recognized by the user is 
adjusted in the same way as that of the above case in which the display unit handles two input 
image data items. 
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For example, at first, the parallax at the observation point 1 is adjusted. Concretely, the 
thick frames of the input image data X and Y are moved respectively to form an object 3-D 
image, thereby the parallax at the observation point 1 is adjusted. In that connection, the thick 
fiame of the input image data Z is moved by the same distance as that of the input image data Y 
at an adjacent viewpoint and disposed there to form the object 3-D image. And, the parallax at 
the observation point 1 is changed while the parallax at the observation point 2 remains the same. 

After that, the parallax at the observation point 2 may be adjusted. For example, as 
described in the adjustment of the parallax at the observation point 1 , the thick frame of the input 
image Z is moved by the same distance as that of the thick frame of the input image data Y, then 
the thick frame of the input image Z is further moved to form the object 3-D image, thereby the 
parallax at the observation point 2 is adjusted. 

As described above, the parallax at each of the observation points 1 and 2 can be 
adjusted with the same method as that in the above case in which two input images are used even 
when the display means is a multiple-eye type one for displaying images of 3 viewpoints. 

Next, a description will be made for the operation of the 3-D image display unit when 
each of the 2-D image display modes 1 to 3 is set in the display mode information M' 1 . At first, 
any one of the 2-D image display modes 1 to 3 is inputted to the switch controlling means 604. 
The switch controlling means 604 then turns off the switches 11, 12, and 601 and controls the 
switch 602 with reference to Table 4 so that an image (any one of the input images X, Y, and Z) 
required to form a 3-D image in the selected mode is inputted to the 2-D image forming means 6, 
then controls the switch 603 so that the 2-D image forming means 6 is connected to the frame 
memory 2. The 2-D image forming means 6 then forms a 3-D image in the same way as that in 
the 2-D image display mode for the right/left eye set in the display mode information Ml as 
described in the above case in which the display unit handles two input images, then outputs the 
formed image to the frame memory 2. Finally, the 2-D image is inputted to the display means 3 
from the frame memory 2. The display means 3 thus displays the inputted image data as a 3-D 
image on its screen. 

Next, the operation of the 3-D image display unit when the input image through display 
mode is set in the display mode information M' 1 will be described. At first, the input image 
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through display mode is inputted to the switch controlling means 604. The switch controlling 
means 604 then turns off the switches 11,12, and 601, then controls the switches 602 and 603 so 
that an input image X (any one of the input images X, Y, and Z) is inputted to the frame memory 
2. The input image is thus output to the fi^e memory 2. Finally, the 2-D image is inputted to 
the display means 3 from the frame memory 2. The display means thus displays the inputted 2-D 
image as is on its screen. 

This completes the description of the operation of the 3-D image display unit in 
accordance with the data set in the display mode information M' 1 . And, similarly to the case in 
which two input images are used, each 3-D image can be displayed by adjusting the parallax in 
accordance with the degree of the user's eyestrain. At that time, 2-D images can also be 
displayed as needed. 

Even when the number of input images is m (m: an integer 4 or over), each 3-D image 
can be displayed and the parallax can be adjusted by increasing the number of switches for 
connecting inputs to the 3-D image forming means 600, the number of contacts between the 
switch 602 and inputs, and the types of the display mode information M' 1 just like in the case in 
which the number of input images increases from 2 to 3. 

The image data part of the 3-D image format data Fl may be configured by n (n>l). In 
that connection, the number of viewpoints included in the 3-D image format data Fl may be 
included in the control information 12. At that time, for example, in the 3-D image decoding 
means 500 shown in Fig. 7, the number of viewpoints included in the 3-D image format data Fl 
is transmitted to the separating means 504 from the 3-D image control data analyzing means 501 
and the 3-D image W to be output is separated according to the number of viewpoints. 

Next, the second embodiment of the present invention will be described. 

Fig. 14 shows a block diagram of a 3-D image display unit in the second embodiment of 
the present invention. 

The 3-D image display unit in the second embodiment of the present invention 
comprises 3-D image forming means 100 for forming a 3-D image with both of inputted 
right-eye and left-eye images, 2-D image forming means 6 for forming a 2-D image with one of 
right-eye and left-eye input images, switches 11 to 14 for switching an input/output image to 
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another respectively, switch controlling means 10 for controlling each of those switches 1 1 to 14 
in accordance with the display mode information Ml, a frame memory 2 for storing images 
formed by the 3-D image forming means 100 or 2-D image forming means 6 or input images as 
are, display means 3 for displaying an image stored in the frame memory 2 as a 3-D or 2-D image 
in accordance with the display mode information Ml, time measuring/judging means 101 for 
measuring a display time of each 3-D image, and warning display controlling means 102 for 
insfructing the 3-D image forming means 100 to display a warning message on the current 
displayed 3-D image. In this configuration, the frame memory 2, the display means 3, the 2-D 
image forming means 6, the switch controlling means 10, the switches 1 1 to 14 are all the same 
as those of the 3-D image display unit in the first embodiment, so that the same 
numerals/characters as those in the first embodiment will be used in Fig. 14. 

Similarly to the first embodiment, at first the display mode information Ml is inputted to 
the switch controlling means 10 from external. The display mode information Ml is the same as 
that in the first embodiment. And, the operations of the display unit in the input image through 
display mode and in the 2-D image display mode using the left-eye or right-eye image are also 
the same as those in the first embodiment. 

Next, the operation of the display unit, when the 3-D image display mode is set in the 
display mode information Ml, will be described. 

At first, the left-eye image data L and the right-eye image data R are inputted from 
external to the 3-D image forming means 100 respectively as input images Al and A2. 

In the case where the 3-D image display mode is set in the display mode information 
Ml, the switch controlling means 10 turns on the switches 1 1 and 12 and controls the switch 14 
so that the 3-D image forming means 100 is connected to the frame memory 2. Then, the left-eye 
image data L and the right-eye image data R are inputted to the 3-D image forming means 100 
through the switches 11 and 12 from external respectively. After that, the 3-D image forming 
means 100 forms 3-D image data, then writes the formed image data into the frame memory 2. 
Finally, the 3-D image data is inputted to the display means 3 from the frame memory 2. The 
display means 3 thus displays the inputted 3-D image data as a 3-D image on its screen. 
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Here, the operation of the 3-D image display unit shown in Fig. 14 for displaying 3-D 
images will be described with reference to the flowchart shown in Fig. 15. 

In the initial state, the 3-D image display unit displays 3-D images (S21). The time 
measuring/judging means 1 00 shown in Fig. 1 4 then measures the display time of the 3-D image 
during the displaying. And, while the 3-D image is displayed, the 3-D image forming means ICQ 
sends a 3-D image display notification signal to the time measuring/judging means 101. 
Receiving the signal, the time measuring/judging means 101 starts measuring the time t3. In that 
connection, the time measuring/judging means 101 starts the time measurement when the 3-D 
image display begins. 

The time measuring/judging means 101 judges whether or not the measured time t3 is 
over a predetermined time TIME3 (S22). In the case where the judgment result is NO (not over), 
control returns to step 21 in which the time measuring/judging means 101 continues the 3-D 
image display. In the case where the judgment result is YES (over), the warning display 
controlling means 102 instructs the 3-D image forming means 100 to write a warning message on 
the displayed 3-D image as a 3-D image. Receiving the instruction signal, the 3-D image 
forming means 100 forms the message 3-D image so that the warning message is overwritten on 
the displayed 3-D image, then outputs the formed image (S23). The warning message is thus 
displayed on the forefront of the 3-D image (as if the message were seen at the foremost from the 
user). 

At that time, the 3-D image of the warning message may be formed by overwriting the 
message to which a parallax is given on the currently displayed 3-D image, then combining those 
two images so that, for example, the 3-D warning message may be displayed at a limit depth 
from the screen where the user can recognize the 3-D message with difficulty. The parallax 
given at that time is defined as a 3-D image display limit one. 

Instead of each 3-D image in the above examples, only a lefl-eye (right-eye) image may 
be used to form a 2-D image, then a parallax is given to the warning message so that only the 
warning message is displayed as a 3-D image. After that, the message is overwritten on and 
combined with the 2-D image into a 3-D image. Otherwise, instead of each 3-D image in the 
above examples, a predetermined image may be used to form a 2-D image, then a parallax is 
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given to the warning message. After that, the message is overwritten on and combined with the 
2-D image into a 3-D image. For example, it is possible to form a black screen, then overwrite 
the warning message on the screen. 

Furthermore, it is also possible to use both left-eye and right-eye images of the current 
displayed 3-D image to find a parallax vector in each block divided by the predetermined number 
of pixels. Then, among the obtained vector values, the vector value at which the message has the 
maximum depth firom the screen is determined as the maximum parallax and a parallax larger 
than this maximum value is given to the warning message. At that time, the parallax to be given 
should not be over the 3-D image display limit parallax. The parallax vector can also be obtained 
by block matching or the like. The maximum parallax may also be found from data other than 
the parallax vector for each block, for example, fi-om such a parallax vector for each pixel. 

Next, a description will be made for the signals to be exchanged among the 3-D image 
forming means 100, the time measuring/judging means 101, and the warning display controlling 



means 102 with reference to Table 5. 
Table 5 



\Signal Name 

Status \ 


Signals output to time 
measuring/judging 
means 101 fi-om 3-D 
image forming means 

100 


Signals output to warning 
display controlling 
means 102 from time 
measuring/judging 
means 101 


Signals output to 3-D 
image forming means 
100 from warning 
display controlling 
means 102 


[2-1] 


3-D image display 
notification signal 


None 


None 


[2-2] 


Time measurement end 
signal T3 for notifying 
that TIME3 is reached 


Signal for instructing 
displaying of a warning 
message on the 3-D 
image being formed 
currently 



The state [2-1] denotes that the time measuring/judging means 101 has started 



measurement of a 3-D image display time. In this state, the 3-D image forming means 100 
outputs a 3-D image display notification signal to the time measuring/judging means 101. The 
signal denotes that the 3-D image display unit is displaying a 3-D image. 

The state [2-2] denotes that the measurement time of the time measuring/judging means 
101 has reached a predetermined time TIME3 and the time measuring/judging means 101 
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outputs a time measurement end signal T3 for denoting that the TIMES is reached to the warning 
display controlling means 102 while the warning display controlling means 102 outputs a signal 
for instructing the 3-D image forming means 100 to display a warning message on the currently 
displayed 3-D image. Consequently, the user can recognize the warning of the excessively long 
time observation, thereby the user is protected from eyestrain. 

While the warning message itself is formed as a 3-D image and it is overwritten and 
displayed on the currently displayed 3-D image or on a 2-D image transformed from a 3-D image 
in the above example, the warning message itself may be a 2-D image. And, the warning 
message may be replaced with a buzzer sound, lamp, or indicator to be turned on for the warning. 
The warning message display may stop or display power may be turned off in a predetermined 
time. 

The predetermined time TIME3 described above represents an allowable time for the 
user to be able to appreciate 3-D images continuously. This TIMR3 may be stored in the 
memory provided in the 3-D image display unit as a preset value. The preset value of the TIME3 
may not be just one; for example, the TIME3 may be preset as many as the number of 
combinations of parameters in the case where a parameter is set for each of elements related to 
the user's eyestrain at the time of appreciation, such as a screen size of input images, as well as a 
fiill reproduction time of video when the input image data is video data. The TIME3 may be 
changed freely by the user. 

Just like the 3-D image display unit shown in Fig. 7, 3-D image decoding means for 
decoding the 3-D image format data F2 and separating means for separating the 3-D image 
decoded by the 3-D image decoding means into right-eye and left-eye image data may be 
disposed just before the 3-D image display unit shown in Fig. 14. In that connection, the 3-D 
image format data F2 may be configured by a 3-D image control information part and an image 
data part like the 3-D image format data Fl described in the first embodiment of the present 
invention. However, the value stored in the control information 12 provided in the 3-D image 
format data F2 is assumed to be equivalent to the above described time T1ME3 and this value 
may be substituted for the time TIME3 used by the time measuring/judging means 101. 
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The operations of the 3-D image decoding means and the separating means in that case 
are the same as those in the first embodiment. 

The data in the image date part of the 3-D image format data F2 described above may not 
be encoded. For example, the data may not be compressed. The 3-D image control information 
part may be inserted repetitively in the 3-D image format data F2 as part of, for example, the 
program arrangement information just like in the first embodiment of the present invention. 

And, in the 3-D image format data F2, the 3-D image control information part may be 
inserted in the image data part just like in the first embodiment of the present invention. For 
example, in the case where the knage data part is encoded with the MPEG-4, the 3-D image 
control information may be inserted in a predetermined place in the data encoded with the 
MPEG-4. 

In the case where the 3-D image display unit includes receiving means for receiving the 
above broadcast data and recording means for the same. In the case where an external recording 
device is connected to the display unit and a predetermined time TIME3 is over while broadcast 
3-D image data is received, the display means of the 3-D image display unit may display a 
warning message and starts recording, then keeps recording the subsequent broadcast contents. 

As described above, the time measuring/judging means 101 starts a time measurement 
when 3-D image display begins in the first embodiment of the present invention. In this second 
embodiment, however, the time measuring/judging means 101 may start a display time 
measurement when the first data of the 3-D image control information part is received after 
receiving broadcast contents begins or the first program arrangement information is received in 
the case where data of the 3-D image control information part is included in the program 
arrangement information. In the case where time information required to reproduce a program is 
included in the first received program arrangement information, the time created by using the 
information may be used by the time measuring/judging means 101 to start a time measurement. 

Although the 3-D image format data F2 is transmitted as broadcasting waves in the 
above first embodiment, any of a cable, such a network as the Internet, and another means may 
be used as the transmission path. Instead of the transmission, the 3-D image format data F2 may 
be recorded on such a recording medium as a hard disk, optical disk, or the like. 

38 



Marked-up Specification 
Appln.No. 10/528,999 



Docket No. 1254-0277PUS1 



Such way, the 3-D image display unit enables the time TIME3 determined by the control 
information value in the 3-D image format data F2 to be substituted and used just like in the first 
embodiment and the TIMES used by the time measuring/judging means 101 can be set according 
to each 3-D image conveniently. 

Although the operation of the 3-D image display unit is described with respect to a case 
in which two input images are used in the above first embodiment, three or more input images 
may be used in this second embodiment to obtain the same effect as that of the first embodiment. 

The image data part of the 3-D image format data F2 may be configured by images of n 
(n: equal or greater than 1) viewpoints. In that case, the 3-D image decoding means 500 and the 
separating means 504 may be expanded similarly to the method of the first embodiment. 

Next, the third embodiment of the present invention will be described. 

Fig. 16 shows a block diagram of a 3-D image display unit in the third embodiment of 
the present invention. 

The 3-D image display unit in the third embodiment of the present invention comprises 
a switch 201 for selecting one of the display mode information Ml denoting whether to enable 
3-D or 2-D image display and the 3-D image display mode information M2 denoting that only 

2- D images are displayed so as to be transferred to an input of switch controlling means 200, 
mode switch controlling means 202 provided with a memory for storing a 3-D image display 
inhibition flag used to turn on/off the switch 201, 3-D image forming means 203 for forming a 

3- D image from both right-eye and left-eye image data, 2-D image forming means 6 for forming 
a 2-D image from any one of the right-eye and left-eye image data, switches 11 to 14 for 
switching among input/output image data, switch controlling means 200 for controlling those 
switches 1 1 to 14, a frame memory 2 for storing images formed by the switch controlling means 
200 or 2-D image forming means 6, display means 3 for displaying 3-D images using the image 
data stored in the frame memory 2, time measuring/judging means 204 for measuring the display 
time of each 3-D image, power controlling means 206 for turning off all the power supplies 
except for that of the second time measuring/judging means 205 forcibly in the case where a 3-D 
image display time exceeds a predetermined time, and time measuring/judging means 205 for 
measuring a time elapsed after the power supplies are turned off forcibly. The frame memory 2, 
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the display means 3, the 2-D image forming means 6, and the switches 1 1 to 14 are all the same 
as those in the first and second embodiments described above. The same numbers/characters as 
those in those embodiments will thus be used for those in Fig. 16. 

The display mode information Ml is the same as that described in the first embodiment. 
The 2-D display mode information M2 will be described later. 

Similarly to the first and second embodiments, at first, the display mode information Ml 
is inputted to the switch controlling means 200 fi-om external. In the case where the input image 
through display mode is set in the display mode information Ml and in the case where 2-D image 
display is made using one of the left-eye and right-eye images, the operations of the display unit 
image are the same as those of the display unit in the first embodiment. 

Next, a description will be made for a case in which the 3-D image display mode is set in 
the display mode information Ml. At first, the display mode information Ml and the 2-D 
display mode information M2 are inputted to the switch 201 fi-om external. The switch 201 
transfers any one of the Ml and M2 to the input of the switch controlling means 200. The switch 
201 is turned on/off by the mode switch controlling means. 

The mode switch controlling means 202 has an internal memory that stores the 3-D 
display inhibition flag. The mode switch controlling means 202 controls the switch 201. For 
example, the mode switch controlling means 202 controls the switch 201 so that the display 
mode information Ml is inputted to the switch controlling means in the case where 0 is set in the 
3-D display inhibition flag and the display mode information M2 is inputted to the switch 
controlling means 200 in the case where 1 is set in the flag. In the case where 0 is set as the initial 
value in the 3-D display inhibition flag, the switch 201 is connected to the display mode 
information Ml when the operation begins. 

Next, the 2-D display mode information M2 will be described. The information M2, as 
shown in Table 6, is configured by only two items; the left-eye 2-D image display mode and the 
right-eye 2-D image display mode as described above with respect to the display mode 
information Ml. 
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Table 6 



2-D Display Mode 
Information M2 


Mode Name 


Display Image 


1 


Left-eye 2-D image display 
mode 


2-D images formed with 
left-eye 2-D images included 
in 3-D images 


2 


Right-eye 2-D image display 
mode 


2-D images formed with 
right-eye 2-D images included 
in 3-D images 



Fig. 17 shows a flowchart of the operation of the 3-D image display unit just after 3-D 
image display begins in the third embodiment of the present invention. Hereinafter, the 
operation of the display unit in each display mode will be described in detail with reference to 

Figs. 16 and 17. 

The display unit, when it is powered and ends an initial processing, judges whether to 
display a 3-D image. This judgment is made according to the value set in the display mode 
information Ml. In the case where a 2-D image display mode is set in the display mode 
information Ml, control goes to step 32 in which the display unit displays a 2-D image according 
to the value set in the display mode information Ml. 

In the case where a 3-D image display mode is set in the display mode information Ml, 
control goes from step 31 to step 33 in which 0 is set in the 3-D display inhibition flag stored in 
the memory provided in the mode switch controlling means 202, then control goes to step 34. In 
step 34, the 3-D image forming means 203 forms an object 3-D image and the time 
measuring/judging means 204 measures the display time t4 of the 3-D image. In that connection, 
the time measuring/judging means 204 starts a measurement when the 3-D image display begins. 

The display mode information Ml is inputted to the switch controlling means 200. In the 
case where a 3-D image display mode is set in the information Ml, the switch controlling means 
200 turns on the switches 1 1 and 12 and turns off the switch 13, then controls the switch 14 so 
that the 3-D image forming means 203 is connected to the frame memory 2. The switches 1 1 and 
13 receive left-eye image data L while the switches 12 and 13 receive right-eye image data R 
from external respectively. Then, the left-eye image data L and the right-eye image data R are 
inputted to the 3-D image forming means 203 through the switches 1 1 and 12 respectively. The 
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3-D image fonning means 203 forms 3-D image data just like in the first embodiment, then the 
3-D image data is written in the fi-ame memory 2 through the switch 14. The formed 3-D image 
data is inputted to the display means 3 from the frame memory 2 and displayed on the screen. 
While the 3-D image is displayed, the 3-D image forming means 203 sends a 3-D image display 
notification signal to the time measuring/judging means 204 and the time measuring/judging 
means 204 measures the 3-D image display time while the 3-D image display notification signal 
is inputted thereto. 

After that, control goes to step 35. The display time t4 measured by the time 
measuring/judging means 204 is inputted to the power supply controlling means 206. In step 35, 
the power supply controlling means 206 judges whether or not the measurement time t4 inputted 
from the time measuring/judging means 204 is over a predetermined time T1ME4. In the case 
where the judgment result is NO (not over), control returns to step 34 in which the 3-D image 
forming means 203 and the display means 3 are instructed to form a 3-D image and display the 
formed 3-D image respectively. In the case where the judgment result is YES (over), control 
goes to step 36. 

In step 36, the display unit instructs the following operations. At first, the display unit 
instructs the power controlling means 206 to send a 3-D display inhibition signal that inhibits 
displaying 3-D images to the mode switch controlling means 202, then sends a measurement 
start signal to the second time measuring/judging means 205 to instruct the means 205 to reset 
the measurement time to 0 and start a measurement. Then, the display unit turns off some of the 
power supplies therein. For example, the display unit turns off all the power supplies forcibly 
except for those of the mode switch controlling means 202 and the second time 
measuring/judging means 205. The mode switch controlling means 202, when receiving the 3-D 
display inhibition signal, sets 1 in the 3-D display inhibition flag stored in the memory provided 
in the mode switch controlling means 202 and stores the flag value "1" in the memory. 

Here, a description will be made for the signals to be exchanged among the 3-D image 
forming means 203, the time measuring/judging means 204, the power supply controlling means 
206, the second time measuring/judging means 205, and the mode switch controlling means 202 
with reference to Table 7. 
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Table 7 



\ Signal 
NName 

State \ 


Signals output to 
time 

measuring/j udging 
means from 3-D 
image forming 
means 


Signals output to 
power supply 
controlling means 
from time 
measuring/ 
judging means 


Signals output to 
time 

measuring/j udging 
means from power 
supply controlling 
means 


Signals output to 
mode switch 

from power supply 
controlling means 


[5-1] 


3-D image display 
notification signal 


None 


None 


None 


[5-2] 


Time measurement 
end signal T4 for 
notifying that 
TIME4 is reached 


Measurement start 
signal 


3-D display 
inhibition signal 



The state [5-1] denotes that the time measuring/judging means 204 has started 
measurement of a 3-D image display time. In this state, a 3-D image display notification signal 
for denoting that the display unit is displaying a 3-D image is output to the time 
measuring/judging means 204 from the 3-D image forming means 203. 

The state [5-2] denotes that the measurement time of the time measuring/judging means 
204 has reached the predetermined time TIME4. In this state, the time measuring/judging means 
204 outputs a time measurement end signal T4 for denoting that the TIME4 is reached to the 
power supply controlling means 206 and accordingly, the power supply controlling means 206 
outputs a measurement start signal for resetting the measurement time to 0 and starting a 
measurement to the second time measuring/judging means 205 and a 3-D display inhibition 
signal to the mode switch controlling means 202 respectively. 

Receiving the measurement start signal, the second time measuring/judging means 205 
starts measurement of the time T5 (3-D image display off-time) after the 3-D display stops. 

After that, control goes to step 37. In step 37, the display unit judges whether or not the 
time t5 measured by the second time measuring/judging means 205 is over a predetermined time 
TIME5. In the case where the judgment result is YES (over), the mode switch controlling means 
202 sets 0 in the 3-D display inhibition flag and stores the flag value in the memory, then sends a 
measurement stop signal to the second time measuring/judging means 205 and turns off the 
power to the mode switch controlling means 202. Receiving the measurement stop signal, the 
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second time measuring/judging means 205 resets the measured time t5, thereby the power to the 
second time measuring/judging means 205 is turned off. 



Table 8 shows the signals exchanged between the second time measuring/judging 
means 205 and the mode switch controlling means 202. 

Table 8 



\^Signal Name 

State \ 


Signals output to mode switch 
controlling means from time 
measuring/judging means 


Signals output to time 
measuring/judging means from 
mode switch controlling means 


[6-1] 


Time measurement end signal T6 
for denoting that TIMES is reached 


Measurement stop signal 



The state [6-1] denotes that the time t5 measured by the second time measuring/judging 
means 205 has reached a predetermined time TIME5. In this state, the second time 
measuring/judging means 205 outputs a time measurement end signal T5 for denoting that the 
TIME5 is reached to the mode switch controlling means 202 and the mode switch controlling 
means 202 outputs a measurement stop signal to the second time measuring/judging means 205. 

In the case where some of the unit power supplies are not turned on even when a 
predetermined time TIME5 is reached after those power supplies are turned off (in the case 
where the operation for restarting the image display is not done), control goes to step 38 in which 
the mode switch controlling means 202 sets 0 in the 3-D display inhibition flag and stores the 
flag value in the memory, then turns off all the power supplies to end the operation. 

In the case where the judgment result is NO (not over) in step 37, control goes to step 39. 

In step 39, the display unit judges whether or not any operation is performed to display 
an image, that is, whether or not any unit power switch is pressed. If the judgment result is NO 
(not pressed), control goes back to step 37 in which the display unit continues measuring the time 
t5. In the case where the judgment result is YES (pressed), control goes to step 40 in which all 
the display unit power supplies are turned on. After that, control goes to step 41 in which the 
display unit inhibits 3-D image display, then displays a 2-D image as follows. 
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For example, in Fig. 16, the display mode information Ml and the 2-D display mode 
information M2 are inputted to the switch 201 from external. The mode switch controlling 
means 202 then refers to the 3-D display inhibition flag stored in the memory and finds the flag 
value to be 1. The mode switch controlling means 202 thus controls the switch 201 so that the 
2-D display mode information M2 is inputted to the switch controlling means 200. The switch 
201 is connected to the M2 side, so that the information M2 is inputted to the switch controlling 
means through the switch 201 . 

In the case where the left-eye 2-D image display mode is set in the information M2, the 
switch controlling means 200 turns off the switches 1 1 and 12 and turns on/off the switch 13 so 
that the left-eye image data L is inputted to the 2-D image forming means 6 and controls the 
switch 14 so that the 2-D image forming means 6 is connected to the frame memory 2. The 2-D 
image forming means 6 thus forms a left-eye 2-D image and writes the formed image in the 
frame memory 2 through the switch 14. The 2-D image is then inputted to the display means 3 
from the frame memory 2. The display means 2 thus displays the image data as a 2-D image. 
The 2nd image is formed at that time just like when the left-eye 2-D image display mode is set in 
the information M2 as described in the first and second embodiments of the present invention. 
Therefore, each 2-D image is formed and displayed in accordance with the 2-D display mode 
information M2 as described above. 

Even while a 2-D image is displayed such way, the second time measuring/judging 
means 205 continues measuring of the time t5 and the measured time t5 is inputted to the mode 
switch controlling means 202 just like the above 3-D image display case. In step 42, the display 
unit judges whether or not the measured time t5 reaches a predetermined time TIMES. If not, the 
display unit continues displaying of the 2-D images until the time t5 reaches the predetermined 
time TIMES. When the measured time tS reaches the TIMES, control goes to step 43 in which 
the mode switch controlling means 202 restarts the 3-D display, for example, to send a 
measurement stop signal to the second time measuring/judging means 205. The second time 
measuring/judging means 205, when receiving the measurement stop signal, resets the 
measurement time and stops the time measurement. After that, control goes back to step 33 in 
which the mode switch controlling means 202 resets the 3-D display inhibition flag to 0 and 
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stores the flag value in the memory. Hereinafter, because 0 is set in the 3-D display inhibition 
flag, the display unit displays 3-D images on the screen in accordance with the display mode 
information Ml. 

At that time, a 3-D image display enabling message may be displayed on the screen in the 
case where a 3-D display enable signal for enabling 3-D image display is inputted to the mode 
switch controlling means 202. 

In the case where 3-D images are displayed continuously for a long time as described 
above, it is possible to turn off the power forcibly and inhibit the 3-D image display even when 
the user makes an attempt to turn on the power supply until a predetermined time TIMES is 
reached, thereby the user is protected from eyestrain. In the case where the power to the 3-D 
image display unit is turned off, then the power is turned on again before the predetermined time 
TIMES is reached, the display unit can continue displaying 2-D images that requires less burden 
on the eyes of the user continuously. 

When the display time t4 of the 3-D image reaches the predetermined time TIME4, only 
the power supply of the display means 3 may be turned off. After such a power-off operation, the 
power supply of the display means 3 may be turned on again by pressing the button. For 
example, the power button may be pressed to power the display means 3. 

The predetermined time TIME4 described above represents a continuous appreciation 
time in which the user can appreciate the object images as 3-D images. Each of the times TIME4 
and TIMES may be stored as a predetermined value in the memory provided in the 3-D image 
display unit. The predetermined value of the TIME4/TIME5 may not be just one. For example, 
elements related to appreciation time eyestrain, such as an input image screen size, as well as a 
fiiU reproduction time in the case where object input image data is video data may be used as 
parameters and the TIME4/TIME5 may have a plurality of values according to the number of 
combinations of those parameters. The user may be enabled to change the values of the 
TIME4/TIME5. 

Just like the configuration shown in Fig. 7, 3-D image decoding means for decoding the 
3-D image format data F3 and separating means for separating the 3-D image data decoded by 
the 3-D image decoding means into right-eye and left-eye image data may be disposed just 
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before the 3-D image display unit shown in Fig. 16. In that connection, the 3-D image format 
data F3 is configured by a 3-D image control information part and an image data part just like the 
Fl and F2 described in the first and second embodiments. The values stored in the control 
information 12 set in the 3-D image format data F3 are equivalent to the above-described TIME4 
and TIMES values. The 3-D image display unit may obtain those values from the F3 for use. 

The control information 12 in the 3-D image format data F3 may have any one of the 
TIME4 and TIMES and a preset value in the control information 12 may be used for any data that 
is not stored in the control information 12. 

The operations of the 3-D image decoding means and the separating means are the same 
as those in the first and second embodiments. The data in the image data part of the 3-D image 
format data F4 described above may not be encoded; for example, the data may not be 
compressed. 

The 3-D image control information part of the 3-D image format data F3 described 
above may be inserted repetitively in the F3 as part of, for example, the program arrangement 
information similarly to any of those described in the first and second embodiments of the 
present invention. 

In the 3-D image format data F3, the 3-D image control information part may be inserted 
in the image data part similarly to any of those described in the first and second embodiments of 
the present invention. For example, in the case where data encoded with the MPEG-4 is set in 
the image data part, the 3-D image control information part may be inserted in a predetermined 
place specified in the data encoded with the MPEG-4. 

As described above, the time measuring/judging means 204 starts a measurement when 
a 3-D image display begins. In the case of broadcasting, however, the time measuring/judging 
means 204 may start a display time measurement when the first data of the 3-D image control 
information part is received after receiving broadcast contents begins or when the first program 
arrangement information is received in the case where any data of the 3-D image control 
information part is included in the program arrangement information just like in the first and 
second embodiments of the present invention. In the case where time information required to 
reproduce a program is included in the first received program arrangement information, a time 
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generated using tlie information may be used to start any measurement to be performed by the 
time measuring/judging means 204. 

Although the 3-D image format data F3 is broadcast in the above description, the format 
data may be transmitted through a cable or such a network as the Internet. Instead of the 
transmission, the information may be recorded on a recording medium such as a hard disk, 
optical disk, or the like. 

As described above, the 3-D image display unit can obtain TIME4 and TIME5 values 
from the values set in the control information of the 3-D image format data F3 used just like in 
the first and second embodiments of the present invention. The TIME4/TIME5 can thus be set 
conveniently according to each data to be displayed as a 3-D image. And, as described above, in 
the case where 3-D images are displayed continuously for a long time, thereby the power to the 
3-D image display unit is turned off forcibly, then the display unit is powered again by the user, 
the 3-D image display unit may be enabled to resume the displaying just before the forcible 
power-off. For example, in the case where the power to the display unit is turned off while a file 
is reproduced, the display unit can resume the displaying just before the power-off In the case 
where the power to the display unit is turned off while the user is watching a program of a 
broadcasting channel, the user may resume the broadcasting of the same chaimel immediately 
after the forcible power-off. 

In the case where the display unit is provided with receiving means for the above 
broadcasting and recording means or provided with the receiving means and connected to an 
external recording device and the user observes 3-D images continuously over the predetermined 
time TIME4, the display unit power may be turned off while receiving 3-D image broadcasting 
and begin recording immediately while both of the receiving means and the recording means 
may keep receiving and recording the broadcasting by keeping their power supplies turned on. 
Consequently, the 3-D images broadcast recorded while their power supplies are off can be 
reproduced later. 

While the operation of the 3-D image display unit is described with respect to a case in 
which two input images are used, this embodiment may be expanded to cope with a case in 
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which three input images are used with the same method as any of those described in the first and 
second embodiments of the present invention. 

The image data part of the 3-D image format data F3 may include images of n (n>l) 
viewpoints. In such a case, the 3-D image decoding means 500 and the separating means 504 
may be expanded with the same method as any of those in the first and second embodiments of 
the present invention. 

The 3-D image display unit in the first and second embodiments of the present invention 
described above is provided with means for storing passwords and a password input part for 
inputting the passwords and requests a password input each time the display unit is used by the 
user. In that connection, the display unit may distinguish the user for each password and manage 
the 3-D image display time for each user. 

Because each user is distinguished for his/her password and the 3-D image display time 
is managed for each user such way, each user can use the 3-D image display unit regardless of the 
conditions under which other observes have used the display unit. In other words, because the 
display unit requests each user for his/her password to use the display unit and distinguishes each 
user to manage the 3-D image display time such way, even after an user uses the display unit in a 
3-D image display mode for a long time, thereby the power supply is turned off forcibly, another 
user can use the display unit in the 3-D image display mode. 

This third embodiment of the present invention can also apply to any multiple-eye type 
display unit with respect to the shifting to any of 3-D image display, warning display, and 2-D 
image display by adjusting the parallax according to the present invention, as well as the use of 
each user's password. 

Next, the fourth embodiment of the present invention will be described. 

As described in the first embodiment, each 3-D image has a parallax and the user senses 
each image as a 3-D one due to this parallax. Although the parallax differs among pixels of each 
3-D image, a 3-D image having many pixels having large parallaxes is seen as a clearer 3-D 
image and a 3-D image having less pixels having large parallaxes is not seen so clearly as a 3-D 
image. An index that denotes such a scale of the sense of solidity is referred to as "3-D effect 
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intensity". This fourtii embodiment handles how to limit the 3-D image display method when a 
plurality of 3-D images have different 3-D effect intensity values. 

The 3-D effect intensity may be determined objectively by the average value of parallax 
values of pixels (an average value of those values of a fiill screen for a still image and average 
value of those values of a full video image) or may be determined through a subjective 
evaluation. The 3-D effect intensity may also be determined by a weighted average of the both. 
As an objective evaluation, any of a weighted average value, a median, a maximum value, etc. 
may be used instead of the average value. In case of video, the maximum value is obtained from 
each frame and any of an average value of the maximum values in all the frames, a median value, 
a maximum value, etc. may be used as an objective evaluation value. 

Generally, when observing 3-D images having large 3-D effect intensity values, the user 
comes to have eyestrain earlier than when observing 3-D images having small 3-D effect 
intensity values, so that the allowable 3-D image display time should be varied according to the 
3-D effect intensity. 

Fig. 19 shows a relationship between the 3-D effect intensity (I) and the 3-D image 
display allowable time. Fig. 19A shows a case of 1=1, in which the "accumulative intensity" 
(vertical axis) that increases at a certain rate (k= a) together with a 3-D image display time 
(horizontal axis) is assumed to be calculated. The accumulative intensity value is 0 at time 0 and 
TH at time tl. The TH denotes a predetermined threshold value and the 3-D image display unit 
of the present mvention comes to perform the following processings at time (tl) when the 
accumulative intensity reaches the TH. 

(1) Changes over the display mode from 3-D image display to 2-D image display. 

(2) Continues the 3-D image display by reducing the parallax. 

(3) Displays a warning message on the screen. 

When employing the method (1), the tl denotes an allowable time (3-D image display 
time) of continuing the current 3-D image display. The message in (3) denotes that the subject 
3-D image display time is over the allowable time and prompting the user to go to the 2-D image 
display. Those processings may be replaced with any one of the processings or some of those 
processings may be combined. For example, (1) and (2) may be combined and when the current 
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display mode is changed over to a 2-D image display, the change-over message is displayed on 
the screen. 

Fig. 19B shows a case of 1= 2, in which the accumulative intensity is calculated just like 
in the above case while a certain rate k is assumed to be double (k= 2a) of that in Fig. 19A. 
Consequently, the time (t2) at which the accumulative intensity reaches the threshold value 
becomes a half of tl. In the case where the method (1) is employed, the 3-D image display 
allowable time becomes a half of that shown in Fig. 19A. 

Generally, the accumulative intensity (AI) is represented as follows using both 3-D 
effect intensity I and 3-D image display time t. 

AI= f(I, t) 

Here, the f(I, t) is assumed to be a function of I and t. In Fig. 1 9, f(I, t)= k(I).t is satisfied. 
However, k(I) is a function of I and in Fig. 19, k(I)= a .1 (a: an integer) is assumed. 

Other functions may be used for f and k as follows; for example, a primary function, 
secondary or over fiinction, or any other function may be used. The constants m, a, P are 
determined by tests. In the case where the a is true, the k(I) in the above expression becomes a 
monotone increasing function of I. In the case where the k(I) is positive, the f(I,t) in the above 
expression becomes a monotone increasing function of t. 

In the case where the accumulative intensity increases together with a time as shown in 
Fig. 19, the 3-D image display unit of the present invention adds up a certain amount (s.I) to the 
accumulative intensity at each certain time interval. The "s" denotes a predetermined constant 
and the relationship between "s" and a becomes as follows, 
a = (s/d) 

Fig. 20 shows a relationship between the accumulative intensity and the time in such a 
case. For example, in the case where the time is represented by seconds and the 3-D effect 
intensity I increases just by 3 every second with respect to a 3-D image having a 3-D effect 
intensity 1=1, d=l and s=3 are assumed. 

Each time the accumulative intensity increases just by a value of s.I, the accumulative 
intensity is compared with the threshold value TH in the 3-D image display unit of the present 
invention. In the case where the accumulative intensity is smaller than TH, the current 3-D 
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image display is continued. In the case where the accumulative intensity is over TH, any of the 
processings (1) to (3) is performed. 

In other words, the display mode of the 3-D image display unit can be changed over 
according to the relationship in size between the threshold value and the accumulative intensity. 
For example, assume now that the threshold value to be inputted to the 3-D image display unit is 
changed from THO to THl at the time tl. In the case where THl = 0 is assumed, the display 
mode of the 3-D image display unit can be changed to any of the (1) to (3) described above at tl 
regardless of the accumulative intensity value. 

As shown in Fig. 8, the 3-D image format data of 3-D image contents is configured by a 
3-D image control information part that includes both 3-D image identification information II 
and control information 12, as well as an image data part configured by encoded data D. The 
control information 12 includes information of 3-D_intensity, 3-D_threshold, display mode, and 
2-D_j)icture_select. The display mode mentioned here means information for denoting a display 
mode in which the 3-D image display unit displays image data when the accumulative intensity 
exceeds the threshold value. For example, there are the modes described in (1) to (3) described 
above. 

For example, in the case where the accumulative intensity is under the threshold value 
(TH>0), the current display mode is kept as is. In the case where the accumulative intensity is 
over the threshold value (TH>0), the current display mode is switched to another. At TH>0, 
none of the 3-D image data creator, the image data provider, etc. can control the time at which the 
accumulative intensity exceeds the threshold value. In the case where the threshold value TH is 
0, however, the accumulative intensity always exceeds the threshold value when the display unit 
receives the threshold value 0. Any of the 3-D image data creator, the image data provider, etc. 
can thus control the display mode of the 3-D image display unit in such a case. In other words, a 
proper display mode can be selected from the following modes. 

(1) Switches the current display mode from 3-D display mode to 2-D display mode. 

(2) Reduces the parallax to ease the eyestrain of the user while keeping the current 3-D 
image display. 
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(3) Displays a warning message such as "Stop the 3-D image display quickly to protect 
you from eyestrain." on the screen. 

The 3-D image data creator, image data provider, or the like can specify any of the modes 
(1) to (3) in the 3-D image control information part for the 3-D image display unit. For example, 
in the case where (1) is specified beforehand, the mode is switched to a 2-D image display mode 
when the display unit receives the threshold value TH=0. 

In the case where no display mode is specified in the 3-D image control information part 
or a user's request is inputted to the unit, the display unit uses the preset display mode or display 
mode specified by the user to display object image data. 

In the case where a 2-D display mode is selected at that time and the 2-D display image 
selection information denotes right-eye image data, the right-eye image data is used to display 
the object 2-D image. In the case where the selection information denotes left-eye image data, 
the left-eye image data is used to display the 2-D image. 

As described in the first embodiment of the present invention, the 3-D image control 
information part may be inserted repetitively at any place in the 3-D image format data, so that 
the 3-D image data creator, image data provider, or the like can reset the threshold value TH to 0 
(to change over the display mode) at any position in the 3-D image format data. 

For example. Fig. 9 shows an example of receiving broadcast waves of 3-D image 
contents. In broadcast contents configured by a plurality of pieces of program arrangement 
information and a plurality of 3-D image contents, the program arrangement information 
includes the 3-D image control information part (control information 12) and the threshold value 
TH can be inserted in the format data each time program arrangement information is inserted 
therein. The threshold value TH can thus be reset to 0 at that timing. For example, in the case 
where the display mode is (1), the 3-D image display unit can switch the display mode to a 2-D 
display one. 

And, as described in the first embodiment of the present invention, the 3-D image control 

information part may be inserted in the image data part shown in Fig. 8. In that case, the display 
mode of the 3-D image display unit can be changed over for each frame. 
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The 3-D image control information can also be inserted not only in broadcast waves, but 
also in 3-D image contents exchanged through a cable, such a network as the Internet, or the like, 
as well as in the 3-D image contents recorded on a hard disk, optical disk, or the like. 

Fig. 21 shows another example of the relationship among the 3-D effect intensity, the 
accumulative intensity, and the 3-D display allowable time. In this example, it is premised that 
the increment rate of the accumulative intensity is the same between when the 3-D effect 
intensity I is 1 and when it is 2 while the threshold value TH differs between those cases. In other 
words, TH=1 is used at 1=1 and TH2 (a half of the THl) is used at 1=2. Consequently, in case of 
1=1, the accumulative intensity I reaches the threshold value TH at tl. In case of 1=2, the 
accumulative intensity reaches the threshold value TH at t2, which is a half of the tl . When the 
accumulative intensity reaches the threshold value TH, the 3-D image display unit performs any 
one of the processings (1) to (3). 

The present invention can thus achieve the object of this embodiment even when 
different threshold values are used for different 3-D effect intensity values. 

Next, a description will be made for how to limit 3-D display in the case where a plurality 
of 3-D images having different 3-D effect intensity values are displayed continuously. 

Fig. 22 shows a relationship between the display time and the accumulative intensity. In 
this example, 3-D images having 3-D effect intensity 1=1 respectively are displayed between 
time 0 and time a. Then, 3-D images having 3-D effect intensity 1=3 respectively are displayed 
between time a and time b and 3-D images having 3-D effect intensity 1=3 respectively are 
displayed at and after time b. In that connection, the accumulative intensity increases at an 
inclination k=2a between times 0 and a, increases at an inclination k=a at between times a and b, 
and increases at an inclination k=3a at and after time b. The THm denotes a threshold value and 
any one of the processings (1) to (3) described above may be performed at time c at which the 
accumulative intensity reaches the THm. 

In the case where the processing (1) is selected, the 3-D image display unit switches the 
display mode to a 2-D display at time c. After that, although not described in detail here, in this 
embodiment, the display unit reduces the accumulative intensity at a certain rate at and after time 
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c as shown in Fig. 22 and resumes tlie initial 3-D display when the accumulative intensity 
reaches 0. 

Fig. 23 shows a block diagram of the 3-D image display unit in this embodiment. 

The 3-D image control information generating means 2301 generates a 3-D image 
control information part shown in Fig. 8 from both 3-D effect intensity and threshold value. For 
example, the 3-D effect intensitv takes an integer within 1 to 4 and it is represented by a 2-bit 
variable "3-D_intensity". The threshold value takes a variable within 0 to 65535 and it is 
represented by a 16-bit variable "3-D_threshold". Those information items are premised to be 
encoded in a fixed or variable length. And, in the case where they are encoded into variables, the 
haffman encoding method, the arithmetic encoding method, or the like is premised to be used. 

The 3-D image encoding means 2302 uses such a still encoding method as the JPEG or 
the like or such a video encoding method as the MPEG or the like to encode original image data. 
The original image data is assumed to be configured by right-eye image data and left-eye image 
data. The right-eye image data and the left-eye image data are thirmed respectively, then 
combined to obtain object right and left image data. Those processings are performed as 
pre-processings here. In addition to the image compression by JPEG, MPEG, etc., as well as 
representation by bit maps and computer graphics are also included in the encoding processing 
mentioned here. 

Multiplexing means 2303 obtains 3-D image format data by multiplexing both of the 
object encoded data and the 3-D image control information part. In that connection, the 3-D 
image control information is also inserted in the 3-D image format data. This insertion method is 
already described with reference to Figs. 8 and 9, so that the details will be omitted here. The 
multiplexed 3-D image format data is stored in a recording medium or transmitted to a 
transmission medium. 

Thus, the information denoting both 3-D effect intensitv and threshold value of each 3-D 
image is stored or transmitted together with the encoded data of the 3-D image. 

Fig. 24 shows a block diagram of the 3-D image display unit in this embodiment. 

Demultiplexing means 2401 inputs 3-D image format data stored in a recording medium 
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or sent to a transmission medium and separates the data into encoded data and the 3-D image 
control information part. 

The 3-D image decoding means 2403 decodes encoded data to obtain object decoded 
image data. The decoded image data is assumed to be configured by right-eye image data and 
left-eye image data. The 3-D image decoding means also performs the separation into right-eye 
image data and left-eye image data here as described above. 

3-D image control information analyzing means 2402 analyzes the 3-D image control 
information part to decode both 3-D effect intensity and threshold value. For example, the 
display unit obtains a 2-bit variable "3-D_intensity" as a 3-D effect intensity value and a 16-bit 
variable "3-D_threshold" as a threshold value. 

The means 2402 then decodes the information for denoting both 3-D effect intensity and 
threshold values stored or received together with the encoded data of each 3-D image as 
described above. 

Fig. 25 A shows a block diagram of the 3-D image display unit in this embodiment. The 
display unit uses both 3-D effect intensity and threshold value to limit 3-D display using the 
above method just like in the processings (1) to (3). 

Display controlling means 2501 calculates the accumulative intensity according to the 
3-D effect intensity and controls 3-D image forming means 2502, 2-D image forming means 
2503, switch 2504, and display means 2505 according to the result of comparison between the 
accumulative intensity and the threshold value as follows. 

In the case where the accumulative intensity value is under the threshold value, the 
display unit operates the 3-D image forming means 2502 to form a 3-D image to be displayed 
and stops the 2-D image forming means 2503. The switch 2504 is connected to the 3-D image 
forming means 2502, thereby the 3-D display image is sent to the display means 2502. The 
display unit then sets the display means 2505 in the 3-D display mode to display 3-D display 
images. 

In the case wherein the accumulative intensity is over the threshold value and the 3-D 
display is limited just like in (1), the display unit operates the 2-D image forming means 2503 to 
form a 2-D display image and exits the operation of the 3-D image forming means 2502. The 
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switch 2504 is connected to the 2-D image forming means 2503, thereby the 2-D display image 
is sent to the display means 2505. The display unit then sets the display means 2505 in the 2-D 
display mode to display 2-D display images. 

In the case where the 3-D effect intensity is over the threshold value and the 3-D display 
is limited just like in the processing (2), the operation of the 3-D image forming means 2502 is 
the same as that when the accumulative intensity is under the threshold value. The display means 
250 1 changes over the operation mode of the 3-D image forming means 2502 and the 3-D image 
forming means 2502 forms a 3-D image having a lower parallax with use of the above-described 
method. 

While the same display mode is used for the two threshold values TH>0 and TH=0 as 
described above, the display mode can be controlled flexibly as follows according to the degree 
of the user's eyestrain caused by 3-D image data. 

Li the case where the 3-D image data creator or image data provider judges that the user's 
eyes are not affected by 3-D image data so much, the threshold TH>0 may be used and the 
display mode may be any of the (1) to (3). In the case where the 3-D image data creator or image 
data provider judges that the user's eyes might be much affected by 3-D image data, the 
threshold value TH=0 may be employed and the display mode is limited only to (1) and changed 
over to a 2-D display mode immediately. Such a controlling method is also enabled by a 
combination of both threshold value and display mode. 

In the above example, the image data used in the 2-D image forming means 2503 is 
switched between right-eye image data and left-eye image data according to the 2-D display 
image selection information. However, in the case where the use of either right-eye image data 
or left-eye image data is set in the display unit beforehand, the set image data may be used. The 
image data that has been used in a 2-D image display mode may also be used here. 

When changing the 3-D image display mode set currently in the 3-D image display unit, 
the image data creator, image data provider, or the like can change the mode by setting 0 for the 
threshold value TH in the control information 12 of the 3-D image control information part at any 
intended timing regardless of the state of the 3-D image display unit. 
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In the case where the 3-D effect intensity is over the threshold value and the 3-D display 
is limited just like in the above processing (3), the display means 2505 displays a warning 
message basically just like when the accumulative intensity is under the threshold value. 

How to form 3-D display images and 2-D display images is the same as those described 
in the first to third embodiments of the present invention, so that the description will be omitted 
here. 

While any one of the processings (1) to (3) is performed when the accumulative 
intensity reaches the threshold value in the above example, it is also possible to prepare a 
plurality of sets of processing contents beforehand and employ any one of those sets properly. 
For example, the following processing sets may be defined beforehand. 
A: Performs the processing (1). 
B: Performs the processing (2). 
C: Performs the processing (3). 
D: Performs the processings (1) and (3). 
E: Performs the processings (2) and (3). 

And, the information for specifying any one of the sets A to E is included in the 3-D 
image control information part. Consequently, the information S for denoting the above 
processing sets is stored or transmitted together with encoded data of each 3-D image in the 3-D 
image display unit and the 3-D image display unit, then decodes the information S to select a 
processing to be performed when the accumulative intensity reaches the threshold value 
according to the information S. 

Next, a method for correcting both accumulative intensity and threshold values in the 
3-D image display unit will be described. The above method uses the same 3-D effect intensity 
and threshold values regardless of the characteristics of the display means even when the same 
3-D image is displayed on the display means having different characteristics (display size, 
observation distance, etc.). Actually, however, it is considered to be natural that the eyestrain of 
the user increases in proportion to, for example, the display screen size or observation distance. 
Both 3-D effect intensity and threshold values should preferably be corrected according to the 
characteristics of the display means. For example, both 3-D effect intensity and threshold values 
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stored or transmitted together with 3-D encoded image data should be determined optimally 
(standard 3-D effect intensity and standard threshold value) for the display means provided with 
such standard characteristics as a standard display screen size, an observation distance, etc. Each 
display unit thus comes to correct the standard 3-D effect intensity and the standard threshold 
values according to the characteristics of the display means. 

In order to realize such a correcting method, correcting means 2506 shown in Fig. 25B is 
connected to an input part of display controlling means 2501 in the 3-D image display unit 
shovm in Fig. 25 A. The correcting means 2506 corrects the standard 3-D effect intensity (In) and 
the standard threshold (THn) and outputs the corrected standard 3-D effect intensity (I) and the 
corrected standard threshold value (TH) respectively. Both I and TH are generally given as 
follows by the correction functions G and H according to the characteristics of the display means. 

1= G(In) 

TH=H(THn) 

The correction functions can be represented by primary functions, for example, as 

follows. 

G(In)=Nl.InH-N2 
H(THn)=N3.THn+N3 

Nl to N3 are values found by tests, etc. More simply, it is possible to correct only the 
THn to find I and THn as follows. 
I=In 

TH=N.THn 

It is also possible to correct only the In. 

In the above expressions, the observation distance of the display means of the display 
unit is the same as the standard observation distance. In the case where the display screen is 
larger than the standard display screen in size, N takes a value smaller than 1 . In the case where 
the display screen is larger than the standard display screen in size, N takes a value larger than 1 . 

As described above, although 2-viewpoint image data configured by left-eye image data 
and right-eye image data is used in this fourth embodiment, it is apparent that this fourth 
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embodiment can also apply to multiple-viewpoint image data configured by image data of three 
or more viewpoints just like in the first embodiment. 

Next, the processings to be performed when the accumulative intensity (AI) reaches the 
threshold value THm will be described in detail. The processings (1) to (3) are also object 
processings to be performed here. At first, the processing (1 ) that is how to change a 3-D display 
mode to a 2-D display mode will be described first here. 

In the case where a 3-D display mode is changed to a 2-D display mode, the eyestrain of 
the user is eased. The 3-D display can thus be resumed when the user is recovered enough from 
eyestram. 

Switching to a 2-D image display may be done automatically or the method (3) (to be 
described later) may be used together with the method (1) to go to the new display mode 
automatically or manually by the user after a warning message is displayed. In the following 
description, it is premised that the display mode is switched to a 2-D image display mode 
automatically. 

The 3-D image display unit of the present invention can restart 3-D image display as 
follows. 

(a) Restarts object 3-D image display after a predetermined time (Tm) is reached. 

(b) Reduces the accumulative intensity (AI) at every fixed time interval while 2-D 
images are displayed. Restarts 3-D image display when the accumulative intensity (AI) goes 
down to a predetermined value. 

(c) Restarts 3-D image display when the user switches between 2-D image display and 
3-D image display manually. 

In any of the above cases, the initial value of the accumulative intensity (AI) when 3-D 
image display begins may be the same as that when the above 3-D image display begins (fO: 
fO=f(I,0)). Otherwise, the initial value should take a predetermined threshold value (THs: 
fD<THs) and the restarted 3-D display time may be limited to make the 3-D display time shorter 
after the display is restarted. The THs value is determined by tests. In the case where switching 
between 3-D image display and 2-D image display is repeated, the THs value may be changed in 
accordance with the number of repeating times. 
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In the case where the method (A) is employed, the Tm value also comes to be 
detemined by tests. In the case where switching between 3-D image display and 2-D image 
display is repeated, the Tm value may be changed in accordance with the number of repeating 
times. In the case where the Tm takes a large value, long time 3-D image display is disabled, 
although the user is recovered enough from eyestrain. In the case where the Tm takes a small 
value to quicken the restart of the original 3-D image display, the user cannot be recovered 
enough firom eyestrain. The THs must thus take a large value to make the 3-D image display 
shorter after the 3-D image display is restarted. This is why the combination of the Tm and THs 
values can be changed according to the taste of the user. 

Next, a case in which the method (B) is employed will be described. The accumulative 
intensity (AI), while 2-D images are displayed, is represented as follows using the following 
expression and the 2-D image display time T. 

AI=THm.g(t,THm) 

The THm is a fiinction that denotes the accumulative intensity when 2-D image display 
begins and the g is a fiinction that denotes a decremental value of the accumulative intensity. 

While the fiinction g denotes a decremental value of the accumulative intensity as 
described above, the value, in other words, denotes how much the user is recovered fi-om 
eyestrain. The fiinction g is also determined by tests. In the following description, the following 
monotone increasing fiinction of the 2-D image display time t is assumed to be used. 
g(t,THm)= y.t (y: positive constant) 
In the case of T>THm/y, the following is assumed. 
g(t,THm)= THm 

In the case of the example shovra in Fig. 22, the accumulative intensity (AI) reaches the 
threshold value THm for denoting a 3-D display allowable limit, thereby the display mode is 
changed to a 2-D image display mode. In the 2-D display mode, the accumulative intensity (AI) 
decreases at a fixed speed and the 2-D image display is continued until the accumulative 
intensity (AI) reaches 0, which is the same as the initial value of the first 3-D image display 
(between times 0 to c). After that, 3-D image display is restarted at time d when the 
accumulative intensity AI reaches 0. Similarly to the example shown in Fig. 26, 3-D image 
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display is restarted at time "e" when the accumulative intensity (AI) reaches the threshold value 
THs, the 3-D image display allowable time, after the restarting, can be shortened and the time 
required until the 3-D image display is restarted can be shortened just by a time of the section 
between e and d. 

The function g for denoting the above accumulative intensity decremental value may 
also be used to calculate the accumulative intensity (AI) during 2-D image display not only when 
the accumulative intensity (AI) reaches the 3-D image display allowable limit, but also when the 
2-D image display is switched from 3-D image display apparently by the user, as well as for the 
displayed contents. 

Next, a case in which the above method (c) is employed will be described. In that case, 
the user switches the display mode from 2-D display to 3-D display apparently using a remote 
control device or the like. This method has an advantage that the user is protected from eyestrain 
flexibly, since the user judges the eyestrain by him/herself. This is because how much eyes are 
strained and recovered differs among users. In the case where this method is employed in a 
wrong way, however, the method might come to affect the user's eyes badly. In order to prevent 
such a problem, the display mode may be switched to 3-D display only when the 2-D display 
time exceeds a predetermined time or the accumulative intensity (AI) calculated during 2-D 
display with the same method as that (B) goes under a predetermined threshold value. And, in 
the case where an elapsed time is still under a predetermined time or the accumulative intensity 
(AI) is over a predetermined threshold value, a waming message may be displayed on the screen 
to notify the user of an effect that switching to 3-D display is disabled. 

Next, a description will be made in detail for how to continue the 3-D display for which 
the parallax in the above (2) are reduced as a processing to be performed when the accumulative 
(AI) reaches the threshold value THm. In that case, the parallax is reduced to ease the burden on 
the user's eyes, thereby enabling the 3-D display to be continued. The above method (2) is used 
to adjust the parallax. The parallax adjustment may be done automatically or it is possible to use 
above method (3) together with the method (2) to display a waming message once, then do the 
adjustment automatically or manually by the user. The parallax adjustment may also be done 
just once when the accumulative intensity (AI) reaches the threshold value THm or may be done 
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so that new threshold values THml, THm2, . . ., THmn are set for the accumulative intensity (AI) 
the parallax and the parallax is reduced step by step in accordance with each of those new 
threshold values. As shown in the example in Fig. 27, the 3-D effect intensity value after such 
parallax adjustment may be reduced in accordance with the adjusted parallax value, then used to 
calculate the accumulative intensity (AI). For example, in Fig. 27, the parallax is adjusted step 
by step for the displayed contents of the 3-D effect intensity 1= 4 each time the accumulative 
intensity (AI) reaches to one of the THm, THml, THm2,..., and THmn. And, the 3-D effect 
intensity (I) is also changed step by step like 1= 3, 1= 2, and 1= 1 sequentially. Because the 
parallax adjustment is done step by step such way, a sense of incompatibility the user might have 
is suppressed. 

Next, a description will be made in detail for how to display a warning message of the 
(3) when the accumulative intensity (AI) reaches the threshold value THm. In that case, the 
warning may be notified not only with a message for denoting that a 3-D display allowable limit 
is over, but also by turning on a warning LED light or the like provided on the display unit. A 
warning sound may also be used to notify the user of such a warning case. The warning may be 
done only when the accumulative intensity (AI) reaches the threshold value THm or it may be 
done continuously or intermittently until the 3-D display stops, for example, when the user 
switches the display mode from 3-D to 2-D apparently or when the display mode of displayed 
contents is switched to 2-D image display after a channel is switched to another. It is also 
possible to display how much the 3-D display allowable limit THm is reached (for example, 
100.AIArHm) before the accumulative intensity (AI) reaches the threshold value THm. In 
addition, the warning may be done in a case where the current 3-D display stops once, then 
restarts before a predetermined time is reached. An apparent user's operation for switching to a 
3-D display mode may be invalidated until a predetermined time is reached and the remaining 
time until the 3-D display is resumed may be displayed. Similarly, the warning may be done 
even when the initial 3-D display restarts in a state in which the accumulative intensity (AI) 
calculated in the preceding 2-D display mode exceeds a predetermined threshold value. It is also 
possible that the user's apparent switching to the 3-D display mode is invalidated in the case 
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where the accumulative intensity (AI) is over a predetermined threshold value and the remaining 
time until the 3-D display is enabled is displayed. 

While the processings (1) to (3) performed when the accumulative intensity (AI) reaches 
the threshold value THm are described above in detail, only one of the processings (1) to (3) may 
be performed or the processings (1) to (3) may be combined to obtain the same effect. In the case 
where the processings (1) to (3) are combined, the threshold value THm of the accumulative 
intensity (AI) may be a common value among all the processings (1) to (3) or it may be an 
independent value in each processing. 

As described above, 2-viewpoint image data configured by right-eye and left-eye image 
data is used for describing the fourth embodiment. It is apparent, however, that the fourth 
embodiment can also apply to multiple-viewpoint image data configured by three or more 
viewpoints of image data just like the first embodiment. 

Next, the fifth embodiment of the present invention will be described. 

The 3-D image display unit in the fourth embodiment uses both 3-D effect intensity and 
threshold value of an accumulative intensity value as 3-D image control information associated 
with 3-D images to be reproduced. The 3-D image format data Fl used in the first embodiment 
includes continuous looking and listening times TIMEl and TIME2. This fifth embodiment 
handles a recording unit for recording both 3-D video images and 3-D image control information 
in a digital video tape as one of the recording methods for recording 3-D image control 
information that includes those times TIMEl and TIME2. 

At first, a description will be made for how the tracks of the digital video tape used for 
recording data in this fifth embodiment is formatted. Generally, each digital VTR that is 
spreading now employs a so-called helical scanning method. This method records data on 
discontinuous tracks on tape. Fig. 28 shows how data is recorded in such discontinuous tracks. 
The tape has a plurality of tracks 2801 and one 3-D image is divided and recorded on a plurality 
of tracks. 

Fig. 29 shows an expanded view of one of the tracks 2801 and an example of the track 
format of the digital VTR used for recording data in this fifth embodiment. Each track 2801 
includes an ITI (Insert and Track Information) region 2901, an audio recording region 2902 for 
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recording audio data, an image recording region 2903 for recording image data, and a sub-code 
recording region 2904 for recording associated information such as a time code, etc. The image 
recording region 2903 can record not only 3-D images, but also information associated with 
those 3-D images. Similarly, the audio recording region 2902 can record not only audio data, but 
also information associated with the audio data. In addition to those two regions, the sub-code 
recording region 2904 can record associated information as described above. And, a margin is 
provided between those regions, so that each region is enabled for postrecording. 

Fig. 30 shows an expanded view of the image recording region 2903. The image 
recording region 2903 includes a pre-amble 3001 for recording a synchronous pattern, etc., 
VAUX (Video Auxiliary data) a3002 and VAUX p3004 for recording information associated 
with images, encoded image data recording region 3003 for recording encoded image data, an 
error correction code 3005, and a post-amble 3006 having a function to obtain a margin. 
Although the region for recording information associated with images is divided into 
VAUXa3002 and VAUXp3004 in this fifth embodiment, those two regions are combined into 
one VAUX region and hereinafter and the combined region will be referred to as a VAUX 
region. 

Although not shown here, the audio recording region 2902 also has an AAUX (Audio 
Auxiliary data) region for recording information associated with audio data. 

Next, a recording unit in this fifth embodiment will be described with reference to Fig. 
31. Fig. 31 shows a block diagram of the recording unit in this fifth embodiment. As shown in 
Fig. 31, the recording unit includes a 3-D image encoding part 3101, an audio encoding part 
3102, an associated information encoding part 3103, a multiplexing part 3104, and a tape 
recording part 3 1 05. 

The 3-D image encoding part 3101 inputs 3-D image data. Although 3-D image data is 
configured by image data of a plurality of channels, the 3-D image encoding part 3101 inputs 
image data of just two channels for left-eye image data (left image) and right-eye image data 
(right image) in this fifth embodiment. The 3-D image encoding part 3101 combines the left-eye 
image and the right-eye image and encodes the combined image with a predetermined method, 
then outputs the encoded 3-D image data. 
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The audio encoding part 3102 inputs audio data and encodes the data, then outputs the 
encoded audio data. 

The associated information encoding part 3103 encodes associated information such as 
the information of a combining method used for combining left and right images in the 3-D 
image encoding part 3101, 3-D effect intensity information, accumulative intensity threshold 
value, the continuous looking and listening enabling time, etc., then outputs encoded data of 
associated information. The above encoding method is used here to convert data to a fixed 
length value corresponding to each piece of the above information. 

The multiplexing part 3104 inputs 3-D encoded image data, information of a combining 
method selected for a combining operation, encoded audio data, and encoded data of associated 
information, then multiplexes data so as to be recorded on tape, then outputs multiplexed data to 
be recorded on tape. 

The tape recording part 3105 records tape recording data on tape that is a recording 
medium in accordance with the above format. 

Next, the multiplexing part 3104 will be described more in detail with reference to Fig. 
32. As shown in Fig. 32, the multiplexing part 3104 includes an associated information encoded 
data distributing part 3201, an image recording region data combining part 3202, an audio 
recording region data combining part 3203, a sub-code recording region data combining part 
3204, and a track combining part 3205. 

The associated information encoded data distributing part 3201 inputs encoded data of 
associated information and determines a target region among the VAUX region, the AAUX 
region, and the sub-code region, then distributes the data to the determined one. In this fifth 
embodiment, the encoded data of the information associated with the combining method of right 
and left images is distributed to the VAUX region and information associated with 3-D effect 
intensity, accumulative intensity threshold value, continuous looking and listening allowable 
time are distributed to the sub-code region. 

The image recording region data combining part 3202 inputs 3-D encoded image data 
output from the 3-D image encoding part 3101 and the VAUX region associated information 
encoded data output from the associated information encoded data distributing part 3201. The 
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image recording region data combining part 3202 combines those data into one piece of data 
formatted as shown in Fig. 30. The associated information includes information of a combining 
method selected for right and left images, output from, for example, the 3-D image encoding part 
3101. Then, the pre-amble 3001, the error correction code 3005, and the post-amble 3006 are 
added to the associated information, so that the image recording region data is output. 

The audio recording region data combining part 3203 inputs encoded audio data output 
from the audio encoding part 3102 and encoded data of AAUX region associated information 
output from the associated information encoded data distributing part 3201 and combines those 
data into predetermined formatted data to be output to the audio recording region. 

The sub-code recording region data combining part 3204 inputs encoded data of 
sub-code region associated information output from the associated information encoded data 
distributing part 3201 and combines the data into predetermined formatted data to be output to 
the sub-code recording region. 

The track combining part 3205 inputs data from the image recording region, the audio 
recording region, and the sub-code recording region and combines those data into formatted data 
as shown in Fig. 29, then adds ITI information 2901 and an inter-region margin to the combined 
data to be output and recorded. 

As described above, in this embodiment, data is recorded in all of the audio recording 
region, the image recording region, and the sub-code recording region at the same time. 
However, data may not be recorded necessarily in all of those regions at the same time. Data 
may be recorded only in some of the regions, for example, only the audio recording region and 
the image recording region first, then the data may be recorded in the sub-code recording region 
by postrecording. Even after data is recorded in all of those regions, other data may be 
overwritten in each of the regions independently by postrecording. 

3-D effect intensity information, accumulative intensity threshold value, and continuous 
looking and listening allowable time might be determined in an editing process after ending the 
photographing according to the result of the final contents, which are usually determined finally 
at the photographing time. For example, image data might be recorded at 3-D effect intensity = 1 
as a default value when in photographing, then the image data is postrecorded at 1= 2 in the case 
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where the 3-D effect intensity is judged higher than the default value in the subjective evaluation 
in the editing process. In the recording unit in this fifth embodiment, 3-D effect intensity 
information, accumulative intensity threshold value, and continuous looking and listening 
allowable time are recorded in the sub-code region in which postrecording can be done more 
easily, so that those information items can be modified easily even in the editing process. 

While 3-D effect intensity information, accumulative intensity threshold value, and 
continuous looking and listening allowable time are recorded in the sub-code region in this fifth 
embodiment as described above, those information items may be combined into one and 
recorded in the VAUX region, since ail those information items are considered to be associated 
with images. 

In order to realize such a method, the operation of the associated information encoded 
data distributing part 3201 shown in Fig. 32 is modified so that encoded data of all of the above 
information items are output to the VAUX region. In that connection, information associated 
with images comes to be collected in a place, so that those information items can be handled 
more easily, although the postrecording easiness is lost at that time. For example, when copying 
image data to a medium having a different recording format, in the case where only the contents 
in the image recording region are to be copied, all the information items associated with images 
are obtained, thereby the sub-code region can be omitted. And, in order to prevent image data 
&om being overwritten by postrecording, image data may be recorded in both of the sub-code 
region and the VAUX region. 

The sub-code region and the VAUX region are limited in storage capacity respectively. 
In the case where image data cannot be recorded completely in any of those regions, therefore, 
information associated with 3-D images can be recorded in the AAUX region. 

Some digital VTR machines are provided with a cassette memory for recording 
associated information respectively. The above associated information can thus be recorded in 
the memory. 

Associated information may also be recorded in the memory of the subject unit. In that 
connection, just like in the above description, the recording area may include an image recording 
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region, an audio recording region, and a sub-code recording region and 3-D image display 
control information or photographing condition information may be recorded in those regions. 

The configuration of the recording unit in this fifth embodiment also conforms to the 
digital VTR method employed for household recorders except for the portions specific to 3-D 
images. Consequently, among the associated information items to be recorded in this fifth 
embodiment, the associated information items specific to 3-D images, for example, information 
items related to how to combine right and left images, 3-D effect intensity values, accumulative 
intensity threshold values, continuous looking and listening allowable times, etc. may be 
recorded in the household digital VTR format. Both 2-D and 3-D images can thus be recorded in 
the same tape. 

In the fifth embodiment of the present invention, however, the data sender, for example, 
the 3-D image data creator, broadcasting station, or contents provider (hereinafter, to be referred 
to simply as a provider, etc.) specifies forcibly the timing for starting 2-D display in the subject 
3-D image data. Hereinafter, the specifying method will be described. 

As shown in Fig. 8, the 3-D image format data Fl of 3-D image contents is configured 
by a 3-D image control information part that includes both 3-D image identification information 
II and control information 12, as well as an image data part configured by encoded data D. In this 
embodiment, as shown in Fig. 33, the control information 12 includes a forcible 2-D display flag 
(force_2-D_display_flag) and 2-D display image selection information (2-D_picture_select). 
The forcible 2-D display flag denotes whether to instruct the 3-D image display means to go to a 
2-D display mode forcibly while displaying 3-D image data. The 2-D display image selection 
information denotes which of right-eye image data and left-eye image data is to be displayed 
when the display mode is switched forcibly to 2-D images in accordance with the value set in the 
forcible 2-D display flag. In the case where 3-D image data is to be displayed, the 2-D display 
image selection information is ignored. 

For example, in the case where 1 is set in the forcible 2-D display flag, the display mode 
is switched to 2-D image display forcibly. In the case where the 2-D display image selection 
information denotes right-eye image data at that time, the right-eye image data is used to display 
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the object 2-D image. In the case where the 2-D display image selection information denotes 
left-eye image data, the left-eye image data is used to display the object 2-D image. 

In the case where 0 is set in the forcible 2-D display flag, the display mode is not 
switched to 2-D image display forcibly. There are plural methods as follows to realize this 
operation. The first method is to continue the current display mode as is. For example, in the 
case where the 3-D image display mode is set currently, the mode is kept as is. In the case where 
a 2-D image display mode is set currently, the mode is kept as is. The second method is to 
specify the 3-D image display mode regardless of the current display mode. The third method is 
used to select the 3-D or 2-D image display mode on other conditions. For example, in the case 
where the 3-D image display allowable time is not reached yet, the 3-D image display mode is 
set. In the case where the 3-D image display allowable time is already reached, the 2-D image 
display mode is set. In the case where the user presses a button to switch the display mode to 
another, the selected display mode is set. Which of the methods is to be employed may be 
determined beforehand between the 3-D image encoding device and the decoding device. 

As described in the first embodiment, the 3-D image control information part may be 
inserted repetitively in any place in the 3-D image format data Fl. The 3-D image data creator, 
image data provider, or the like can set 1 (to switch to 2-D image display) in the forcible 2-D 
display flag at any place in the 3-D image format data Fl . 

For example, while Fig. 9 shows an example of broadcasting 3-D image contents, in the 
case where the broadcasting contents configured by a plurality of pieces of program arrangement 
information and a plurality of 3-D image contents, the 3-D image control information part is 
included in the program arrangement information. At that time, in the case where 1 is set in the 
forcible 2-D display flag when the program arrangement information is inserted in the 3-D image 
format data Fl, the 2-D image display mode is set for the display means at the receiving side. 

And, as described in the above embodiments of the present invention, the 3-D image 
control information part may be inserted in the image data part shown in Fig. 33. In that 
cormection, the 3-D image display means can be set in a 2-D image display mode forcibly for 
each frame. 
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Such 3-D image control information can also be inserted in 3-D image contents 
exchanged through a cable and such a network as the Internet, as well as in the 3-D image 
contents recorded on such recording media as hard disks, optical disks, etc. 

Fig. 34 shows an example of a 3-D image encoding device 2003 for forming 3-D image 
format data Fl and decoding device 2004 for decoding the information. 

In Fig. 34, the 3-D image data creator or image data provider instructs the 3-D image 
control information forming means 2005 to go to a 2-D image display mode forcibly at a timing 
specified in the inputted 3-D image data and sets 1 in the forcible 2-D display flag provided in the 
3-D image control information part corresponding to the image data. At the same time, the 3-D 
image data creator or image data provider writes which of the right-eye image data and left-eye 
image data is used to display object 2-D image data in the 2-D display image selection 
information. And, separately from that writing, the 3-D image data creator or image data 
provider instructs the 3-D image encoding means 2001 to encode the 3-D image data. The 3-D 
image data creator or provider then stores the 3-D image control information part in which 1 is 
set in the forcible 2-D display flag in the image data part in which encoded 3-D image data is to 
be stored or stores the information part separately from the image data part, thereby forming the 
3-D image format data Fl. The 3-D image format data Fl is sent to the 3-D image decoding 
means 2004 with use of a recording medium, through a network, or with broadcast waves. 

In the 3-D image decoding device 2004, the 3-D image decoding means 2002 decodes 
received 3-D image format data Fl to 3-D image data, then decodes the forcible 2-D display flag 
and the 2-D display image selection information set in the 3-D image control information part 
respectively. If 1 is set in the display flag, the 3-D image decoding means 2002 sets an object 
2-D image display mode in the display mode information, then outputs the mode information. 
The display mode information is used to instruct the 3-D image display unit (to be described 
later) to switch between 3-D image display and 2-D image display. 

If 0 is set in the forcible 2-D display flag, as described above, the display mode 
information might be output as is, output by setting the 3-D image display mode therein, or 
output by setting 2-D image display mode or 2-D image display mode therein in accordance with 
other conditions. 
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The 3-D image data decoded by the 3-D image decoding means 2004 is displayed on the 
screen of the 3-D image display unit shown in Fig. 35. The 3-D image data decoded by the 3-D 
image decoding means 2004 is separated into right-eye image data and ieft-eye image data by a 
separating means (not shown), then inputted to the 3-D image display unit shown in Fig. 35 
respectively. Those image data are inputted to the 3-D image decoding means 2004 as right-eye 
and left-eye image data according to the display mode information. In the case where the 3-D 
image display mode is set in the display mode information, the switch 2101 is pushed up. In the 
case where the 2-D image display mode is set in the display mode information, the switch 2 1 0 1 is 
pushed down at that time. The image data inputted to the 2-D image forming means 2105 is 
switched to right-eye image data or left-eye image data by the switch 2102 according to the 2-D 
display image selection information. The operations of the 3-D image decoding means 2004 and 
the 2-D image forming means 2105 are the same as those of the 3-D image forming means 100 
and the 2-D image forming means 6 shown in Fig. 14, so that the description for them will be 
omitted here. 

The 3-D or 2-D image data formed as described above is changed over to 2-D or 3-D 
image data by the switch 23 according to the display mode information, then output to the frame 
memory 2106. The display means 2107 displays the image data read fi-om the frame memory 
2106 as 3-D or 2-D images according to the display mode information. At that time, the 
operations of the frame memory 2106 and the display means 2107 are the same as those of the 
frame memory 2 and the display means 3 shown in Fig. 14, so that the description for them will 
be omitted here. 

In the above example, the image data inputted to the 2-D image forming means 2105 is 
switched between right-eye image data and left-eye image data by the switch 2102 according to 
the 2-D display image selection information. In the case where the use of either right-eye image 
data and left-eye image data is set by the 3-D image display unit beforehand, the set image data 
may be inputted to the 2-D image forming means 2105. The image data inputted in the 2-D 
image display mode in the past may also be used here. 

The 3-D image data creator or provider, when switching from 3-D image data display to 
2-D image data display forcibly, can switch the display at his/her intended timing by setting 1 in 
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the forcible 2-D display flag provided in the control information 12 of the 3-D image control 
information part regardless of the state of the 3-D image display unit. 

INDUSTRIAL APPLICABILITY 

As described above, according to the present invention, it is possible to adjust the 
parallax of each 3-D image to be displayed according to the eyestrain of the user, display a 
warning message on the screen or stop the display itself in the case where 3-D images are 
displayed continuously or intermittently for a long time, and inhibit the display of 3-D images 
until a predetermined time is reached regardless of the user's operation for restarting the display, 
thereby the 3-D image display unit can be simplified in configuration to protect the user from 
eyestrain. 

It is also possible to represent a difference between a clear 3-D image and a not-so-clear 
3-D image using a 3-D effect intensity value, thereby limiting the 3-D image according to the 
3-D effect intensity value. In addition, when the user is observing a plurality of 3-D images 
continuously, it is possible to limit 3-D image display easily even when the user watches 3-D 
images having different 3-D effect intensity values continuously by calculating the accumulative 
intensity of the 3-D image display and limit the 3-D image display according to the result of 
comparison between the accumulative intensity and a predetermined threshold value, thereby, 
for example, changing channels of digital broadcasting. 

According to the present invention, therefore, 3-D images can be recorded in the 
household digital VTR format and record control information configured by 3-D effect intensity, 
accumulative intensity threshold value, continuous looking and listening allowable time, etc. can 
be recorded similarly. Existing digital VTR hardware resources can thus be used for the 3-D 
image display unit, thereby the price of the display unit is reduced. 

Furthermore, it is possible to rewrite both information items of 3-D effecLintensity and 
accumulative intensity threshold values, as well as information of the continuous looking and 
listening allowable time easily by postrecording. 

Furthermore, the present invention enables image data to be copied easily. 
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The 3-D image data creator, provider, or the like, when inhibiting display of 3-D images 
forcibly, can use a flag for modifying the display mode information so as to set the 2-D image 
display mode to control the switching at any timing, thereby protecting the user from eyestrain 
while taking consideration to the 3-D image data contents. 

The 3-D image data creator, provider, etc. can use the threshold value TH for switching 
the display mode according to the level of the relationship with the accumulative intensity to 
protect the user's eyes while taking consideration to the subject 3-D image data contents, thereby 
switching the display mode of the 3-D image display unit. Particularly, when inhibiting display 
of 3-D images forcibly, the 3-D image creator, provider, or the like can set 0 for the threshold 
value TH to control the display mode switching at any intended timing. 

The 3-D image creator, provider, or the like can also select a display modes at each of 
the threshold values TH= 0 and TH>0 to enable the user to watch image data in the display mode 
specified by the 3-D image creator or provider, or the like. 
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